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INTRODUCTION  AND  DESCRIPTION  OF  METHODS  USED 


As  pare  of  a  study  of  the  chemical  corrosion  of  rocket  liner 
materials,  Aeronutronic  has  carried  out  many  computations  of  the  chemical 
equilibria  between  rocket  liner  materials  and  corrosive  gaseous  or  condensed 
materials.  These  computations  required  a  knowledge  of  the  thermodynamic 
properties  of  all  the  chemical  species  involved  in  each  equilibrium  over  the 
temperature  range  298  to  6000°K.  Wherever  possible,  the  thermodynamic  pro¬ 
perties  were  caken  directly  from  the  literature,  such  as  the  JANAF  Interim 
Thermochemical  Tables  .  However,  in  many  cases  it  became  necessary  to  de¬ 
velop  thermodynamic  properties  for  species  not  found  in  the  literature.  These 

2 

properties  were  published  in  the  quarterly  reports  as  they  were  developed  . 

As  a  convenience  to  readers,  who  may  be  interested  in  the  thermo¬ 
dynamic  properties  for  their  own  sake,  all  the  properties  developed  during 
the  contract  period  are  collected  in  this  single  volume 

For  each  species  considered,  the  literature  was  searched  to  uncover 
whatever  data  were  available;  these  were  then  evaluated  in  an  attempt  to  use 
the  most  reliable  data.  For  most  species  direct  experimental  results  were 
lacking  in  some  particular,  and  judicious  estimates  of  the  missing  data  were 
required. 

For  gaseous  species  where  the  requisite  molecular  constant  data 
were  available,  thermodynamic  functions  were  calculated  by  standard  statistical 
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thermodynamic  methods.  Where  molecular  constant  data  were  not  available, 
they  were  estimated  from  bond  angles,  bond  distances,  and  appropriate  valence 
force  equations.  For  the  larger,  more  complicated  molecules  of  uncertain 
structure,  heat  capacities  and  entropies  were  estimated  by  analogy  with 
values  for  related  molecules.  Heats  of  formation  were  estimated  from  bond 
energy  considerations. 

For  condensed  species  the  statistical  thermodynamic  approach  for 

evaluating  thermodynamic  properties  is  not  useful.  The  methods  of  Kubaschewski 

26 

and  Evans  are  quite  applicable  and  have  been  used  extensively  in  this  work 
The  reader  should,  however,  be  warned  that  relatively  little  good  thermo¬ 
dynamic  data  exists  on  heavy  metal  species  so  that  the  results  are  in  many 
cases  more  questionable  than  desired.  No  attempt  has  yet  been  made  to  access 
the  uncertainty  in  the  results. 

Refractory  solid  compounds  in  particular  are  difficult  to  characterize 
thermodynamically,  as  such  materials  are  "compounds"  in  a  somewhat  more  res¬ 
tricted  sense  than  condensed  specieB  usually  considered  in  rocket  performance 
calculations.  These  compounds  exist  over  a  considerable  range  of  composition, 
and  generally  exhibit  complex  behavior  on  melting  or  vaporizing.  The  thermo¬ 
dynamic  data  for  solids  such  as  these  are  generated,  based  on  what  are  con¬ 
sidered  to  be  reasonable  procedures,  but  no  claim  is  made  as  to  exhaustive 
treatment  of  the  various  systems.  Only  a  single  compound  of  each  type  has 
been  considered.  Obviously,  very  little  of  the  information  obtained  by 
phase  diagram  studies  can  be  included  with  this  approach. 

The  particular  assumptions,  estimates,  etc.  associated  with  the 
individual  species  are  discussed  in  the  following. 
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DISCUSSION  OF  INDIVIDUAL  SPECIES 


2 . 1  TANTALUM  SPECIES 

2.1.1  Ta 

The  heat  of  formation  (186.8  kcal/mole)  was  taken  from  Stull  and 

3 

Sinke  .  Enthalpy  and  entropy  values  were  taken  directly  from  the  compilation 
4 

of  Barriault  et  al. 

2.1.2  Ta(c) 

3 

Entropy  (9.90  e.u.)  was  chosen  from  Stull  and  Sinke  .  The  heat 

capacity  to  the  melting  point  (5.90  +  0.00043T  cal/mole°K)  was  based  on  pub- 
3 

lished  data  .  Stull  and  Sinke' s  reported  data  were  also  used  to  estimate  a 
melting  point  of  3270°K  and  a  heat  of  fusion  of  7.5  kcal/mole.  The  heat 
capacity  for  molten  tantalum  between  3270  and  6000°K  was  estimated  to  be  8.0 
cal/mole°K  based  on  corresponding  values  for  similar  elements. 

2-1-3  TaO(g) 

The  heat  of  formation  (50  kcal/mole)  was  calculated  from  the  dis¬ 
sociation  energy  determined  by  Inghram  et  al^,  and  the  heat  of  formation  of 

3 

Ta(g),  taken  from  Stull  and  Sinke  .  Thermodynamic  functions  were  calculated 
using  the  ground  state  vibrational  frequency  of  926  cm  estimated  by  Brewer6, 
a  bond  distance  of  1.825^  ^ ,  and  a  moment  of  inertia  of  8.14  x  10  ^  gm-ctn^ , 

2.1.4  Ta02(g) 

Frequencies  used  were  864  ,  244(8)  and  935  cm  *  as  given  by  Brewer6. 

A  linear  structure  was  assumed  and  an  interatomic  distance  the  same  as  that 
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for  TaO;  Che  moment  of  inertia  was  calculated  to  be  17.7  x  10  gm-cm  . 

The  heat  of  formation  (-41  kcal/mole),  was  estimated  from  experimentally 
measured  atomization  energies^. 

2.1.5  Ta205(c) 

9 

The  heat  of  formation  (-488.8  kcal/mole)  was  taken  from  Humphrey  . 

The  entropy  of  the  solid  (34.2  e.u.)  was  taken  from  the  compilation  of  Kelley^. 
Using  the  enthalpy  values  of  Orr^,  the  heat  capacity  equation  37.00  +  6.56 
x  10  ^T  -  5.92  x  10*  T~^  cal/mole°K  was  developed.  Values  for  the  melting 
point  (2150°K),  the  heat  of  fusion  (36.120  kcal/mole)  of  the  solid,  and  the 
,  heat  capacity  (56  cal/mole°K)  of  the  liquid  were  taken  from  the  work  of 

’  Inghram^ . 

«  2.1.6  TaPQJ 

|  The  average  bond  energy  for  TaF(g)  was  estimated  using  the  bond 

12 

energy  (B.E.)  of  TaCl(g)  and  the  inverse  square  law  of  Somayajulu 

i 

^  B.E.TaF(g)  *  B,E'TaCl(g)  X 

A  bond  energy  of  106  kcal/mole  for  TaCl(g)  and  bond  distances  of  2.3  and 

1.95X  U  were  taken  for  TaCl(g)  and  TaF(g),  respectively.  Using  the  known 

heats  of  formation  of  gaseous  fluorine  and  tantalum  and  the  estimated  bond 

energy  of  TaF(g) ,  a  heat  of  formation  of  60.7  kcal/mole  was  calculated. 

-39  0 

The  moment  of  inertia  was  calculated  to  be  10.85  x  10  gm.-cm.f  based  on 

an  interatomic  distance  of  1.95&.  The  wave  number  was  calculated  to  be 
-1  5 

545  cm.  ,  from  a  force  constant  of  3  x  10  dynes/cm.  This  force  constant 

14  5 

was  the  average  of  calculations  made  using  the  method  of  Varshni  (2.76  x  10 

12  5 

dynes/cm.)  and  Somayajulu  (3.27  x  10  dynes/cm.). 

2.1.7  TaF2(g) 

A  heat  of  formation  of  -65.5  kcal/mole  was  calculated  in  the  same 

-39  2 

way  as  was  done  for  TaF(g).  A  moment  of  inertia  of  23.98  x  10  gm.-cm. 
was  obtained .using  the  TaF(g)  interatomic  distance.  Use  of  the  TaF(g) 
stretching  force  constant  and  a  bending  force  constant  of  0.3  x  10  ^ 


-4- 


RHILCQ 

Atummm *w 

ACKONUTRONtC  DtVMMON 

dynes/cm.3  yielded  wave  numbers:  254(2),  518,  end  570  era.*1. 

2.1.8  TeF3(g) 

In  Che  sene  menner  used  Co  celculeCe  AH298  end  I  for  TeP(g), 

Che  corresponding  velues  for  TaF,(g)  were  found  co  be  -192  kcal/mole  end 
-113  3  6  ~ 

1.075  x  10  gm.  -cm.  (produce  of  monenCs  of  inercie  ebouC  Che  Chree 
coordinece  exes  using  en  essumed  pyremldel  sCrucCure).  Assuming  e  55° 
engle  beCween  Che  exis  of  synmecry  of  Che  pyremld  end  en  edge,  Che  seme 
force  conscenc  used  for  TaF9(g),  end  essuming  Che  velence  force  theory13, 

2  _i 

Che  weve  numbers  were  celculeCed  Co  be  237(2),  251,  545(2)  end  546  cm. 


2.1.9  TeF4(g) 


Heat  of  formeCion  end  momenc  of  inercie  were  calculated  in  the 
same  menner  as  was  used  for  TaF(g) ;  symmetric  tetrahedral  structure  was 
assumed.  These  results  gave  A  H°„no  “-318  kcal/mole  and 
3.27  x  10*U3gm.3-cm.6. 

257(3),  282(2),  518  and  554(3)cm 


o 

f298  '  x  y  z 

The  valence  force  theory  gave  the  wave  numbers; 
-1 


2.1.10  TaF5(g) 

A  heat  of  formation  of  -444  kcal/mole  was  calculated  in  the 
manner  used  for  TaF(g).  From  a  plot  of  entropy  versus  molecular  weight 
for  known  tantalum  halides  and  oxyhalides  and  niobium  chlorides  and  oxy¬ 
chloride,  S°  at  298°K  for  TeF^(g)  was  estimated  Co  be  81  e.u.  By  ex¬ 
trapolating  plots  of  Cp  versus  velence  for  TaF  species,  values  of  heat 
capacity  were  obtained  end  fitted  to  derive  Che  following  function: 

C  (T)  -  31.00  +  10.17  x  10"3T  -  0.507  x  106T*2  (cal/°K  mole) 

P 
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2.1.11  TaCl (a) 

Good  Agreement  was  obtained  from  two  independent  methods  for 

estimating  the  force  constant.  Using  an  interatomic  distance  of  2.30ji 

14  5 

the  method  of  Varehni  gave  1.91  x  10  dynes/cm  (2.904  and  0.203  were 

12 

used  for  the  constants  a  and  b,  respectively),  while  that  of  Somayajulu 

gave  2.02  x  10^  dynes/cm.  The  vibrational  frequency  (335  cm  *)  based  on  an 

average  of  these  force  constants  was  used  in  the  calculation.  The  moment 

-39  2 

of  inertia  was  calculated  to  be  26.1  x  10  gm-cm  .  The  heat  of  formation 

was  calculated  to  be  110  kcal/mole,  from  the  values  for  TaCl.  reported  by 

16  ^ 
von  Schafer,  assuming  the  Ta-Cl  bond  energy  to  be  independent  of  the 

valence  state  of  tantalum. 

2.1.12  TaCl2(g) 

Based  on  an  assumed  linear  structure,  the  interatomic  distance 

and  force  constant  used  for  TaCl,  and  the  second  force  constant  of  TiCl, 

(0.1  x  10  dynes/cm),  the  vibrational  frequencies  were  calculated  to  be 

305,  115(2)  and  360  cm'1.  The  moment  of  Inertia  was  calculated  to  be 
-39  2 

62.4  x  10  gm-cm  .  The  heat  of  formation  was  computed  in  the  same  manner 
as  for  TaCl  and  found  to  be  33  kcal/mole. 

2.1.13  TaCl3(g) 

A  pyramidal  structure  was  assumed,  with  a  TaCl  bond  distance  of 
2.30&.  The  angle  between  an  edge  of  the  pyramid  and  the  axis  of  symmetry 
was  calculated  to  be  58°,  using  the  valence  force  theory.  The  product  of 
the  three  moments  of  inertia  was  calculated  to  be  124  x  10  gm^-cm^.  With 
the  same  force  constants  which  were  used  for  TaCl.(g),  the  following  vibra- 

z  _i 

tional  frequencies  were  calculated:  108,  332,  104(2)  and  338(2)  cm  The 
heat  of  formation  (-44  kcal/mole)  was  calculated  assuming  the  same  bond 

energies  as  derived  from  the  heat  of  formation  of  TaCl.(g)  reported  by 

16  ^ 
von  Schafer  . 
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2.1.14  T«Cl4(g) 

Heat  of  formation  (136  kcal/mole)  and  entropy  (92  e.u.)  were 

taken  from  estimate*  by  von  Schafer  and  Kahlenberg**.  Their  estimated 

5  *2  o 

heat  capacity  equation,  25.8  -  2  x  1(T  T  cal/roole  K. ,  was  used  throughout 
the  temperature  range  (298  -  6000°K). 

2.1.15  TaCl^(c)  and  TaCl4(c) 

Heats  of  formation,  entropy  and  heat  capacity  for  these  species 
were  both  estimated  by  von  Schafer  and  Kahlenberg  ,  and  are  tabulated 
below.  Use  of  the  heat  capacity  functions  to  6000°K  must  be  considered  a 
rough  approximation  until  further  data  becomes  available. 


Species 

A  H£298 
(kcal/mole) 

S298 

(e.u.) 

Cp(cal/mole°K) 

TaCl3(c) 

-130.5 

37. 

23.0+  (3.9)  10-3  -  (1.7)  loV2 

TaCl4(c) 

•168.8 

46. 

31.9  -  2.9  x  loV2 

2.1.16  TaCl5(g) 

Values  of  heat  of  formation  (-183  kcal/mole),  entropy  (100  e.u.) 
and  heat  capacity  (31.6  -  3.7  x  103T  2  cal/mole°K)  were  used  as  reported  by 
von  Schafer  and  Kahlenberg***. 

2.1.17  TaC/c 

1 8 

Huber's  value  for  the  standard  heat  of  formation,  -34.6  +  0.9 

kcal/mol  was  used.  This  value,  being  more  recent,  is  presumably  better 

19  20 

than  the  value  of  -38.5  +0.6  published  by  Humphrey  in  1954.  Kelley's 
value  for  entropy,  Sjgg,  of  10.11  e.u. /mole  was  used.  Mezaki2*  gives 
10.10  +  0.2,  in  essential  agreement.  The  melting  point  was  taken  as  4100°K, 
as  given  in  MBS  50022  (Zal*bak“  found  a  maximum  of  4030°K  with  decomposition.) 
Schwarzkopf  and  Kiefer2**  quote  3800°C,  based  on  the  1943  work  of  Ellinger25. 
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Kubaschewski2^  and  Bvans2^  point  out  that  entroplaa  of  fuaion  for 
inorganic  compounda  lia  in  the  range  of  1.4  (CaFj)  to  3.3  (HgB^e.u.  per 
gram  atom.  A  value  of  2.5  waa  uaed  for  both  TIC  and  TiN  by  the  JANAF  groups1 
for  ZrC  and  ZrN  a  roughly  equivalent  value  waa  uaed.  Thu*  in  the  absence  of 
better  data,  the  entropy  of  fusion  is  estimated  as  5.0  entropy  units  for 
TaC.  The  heat  of  fusion  follows  directly  as  20.5  kcal/gm-atom. 

Experimental  specific  heat  measurements  on  TaC  are  given  by 

20  21  27 

Kelley  at  low  temperatures,  and  by  Mezaki  (Wisconsin),  Neel  et  al 

4 

(Southern  Research  Institute),  and  by  Barrlault  et  al  (AVCO),  at  high 
temperatures.  The  "additivity"  approach  is  often  used  to  estimate  the  heat 
capacity  of  refractory  compounds;  this  consists  of  simply  adding  the  data 
for  the  Individual  elements.  The  experimental  data  and  the "additivity"  data 
were  compared  on  a  "Shomate"12  plot,  and  an  averaged  line  selected,  leading 
to  the  equation. 

C  -  10.015  +  2.60  x  10' 3T  -  1.776  x  105t'2 
P 

This  equation  was  used  to  2200°K  above  which  point  the  Southern  Research 
data  indicate  Cp  is  constant  at  15.8  cal/mole-°K.  Heat  capacity  of  the 
liquid  above  4100°K  was  also  assumed  to  be  15.8  cal/mole-°K. 

2.1.18  TaN/c 

The  heat  of  formation  of  tantalum  nitride  was  taken  as  '60.0 

no  _ 

+  0.6  kcal/mol,  as  given  by  Mah  and  Gilbert*  .  The  entropy  at  298  K  is 

21  26 
given  by  Mezaki  ,as  12.4+2.0,  whereas  Kubaschewski  gives  12.2  +  1.0. 

The  value  of  12.2  was  used.  The  melting  point  was  taken  as  3363°K,  as 

26 

given  by  Kunaschewski  .  Assuming  2.5  e.u./gm-atom,  as  was  done  for  TaC 

and  as  was  done  by  JANAF1  for  ZrN,  the  entropy  of  fusion  is  5.0  e.u., 

the  heat  of  fusion  following  directly  as  16.816  kcal/mol. 

20 

Kelley  gives  for  molar  specific  heat,  the  equation: 

Cp  -  7. 73  +  7.80  x  10* 3T  298-800°K 
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This  equation  give*  Cp  -  10. OS  at  298°;  KBS  500**  gives  9.7.  No  high 

27  21 

temperature  hest  content  date  for  TaN  Are  given  by  Neel  or  by  Mazakl  , 

27 

Neel  gives  dete  on  UfN  which  shows  sn  epperent  peek  in  best  capacity  at 
1000- 11 00 °K  of  15.0  cal/mol-°K,  end  an  overall  average  to  about  2800°K  of 
13.8.  (The  drop  off  with  temperature  above  this  value  seems  unreasonable.) 
Kelley's  equation  at  1000°K  would  give  a  value  of  15.53. but  this  is  presum¬ 
ably  high  because  of  the  extrapolation  of  the  linear  relationship  involved. 
JANAF  values  for  Cp  of  ZrN>  which  would  be  expected  to  be  somewhat  lower 
than  for  TaN,  are  for  example,  12.6  at  1000°,  14.4  at  2000°,  and  16.1  at 
3000°K.  As  no  good  technique  for  combining  these  various  fragments  of 
information  appeared  to  be  evident,  an  arbitrary  approach  was  used,  in 
which  Kelley's  equation  was  used  to  934°K,  at  which  point  Cp  *  15.0; 
above  934 °K  the  specific  heat  was  held  constant  at  this  value. 

2.1.19  TaB2/c 

29 

Brewer  and  Haraldsen  give  limits  on  heats  of  formation  for 
30 

various  borides.  Leitnaker  reviews  these  data  in  light  of  his  own  ex¬ 
periments,  and  gives  the  AHf298  for  TaB2  ** 


-126.0  <H °298  (TaB2  ><-45.5 


Brewer  9  gives  the  limit  as  -26  kcal/mole  boron  or  <-52  for  Ah?.qo  of  TaB, . 

31  32  tZyo  i 

Miller  quotes  Samsonov  as  reporting  -45  kcal/mole.  Quite  obviously 

considerable  uncertainty  exists;  a  value  of  -50  was  selected.  The  heat  of 

33 

formation  of  ZrB2  has  been  reported  as  -71.61  very  recently,  a  value 

less  negative  than  -76  as  used  by  JANAF,  and  on  which  considerations  of 

boride  heats  of  formation  have  been  based. 

Margrave  et  al^  give  the  entropy  of  TaB,  at  298°K  as  11.3  e.u. 

35  * 

This  is  derived  by  noting  ffestrum's  experimental  value  for  ZrB2  or  8.59, 
whereas  the  sum  of  the  constituents  would  be  12.1;  the  boron  entropy 
contribution  is  thus  apparently  -1.8  e.u ./B  atom.  On  the  same  assumption, 
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but  using  s  tantalum  matal  entropy  of  9.90  baaed  on  our  previous  tabulation 

(2.1.2)  and  the  non-rounded  value  of  -1.75  as  the  boron  contribution,  a 

figure  of  9.18  e.u.  is  calculated.  This  was  the  value  used.  According  to 

Schwarzkopf2^,  TaBj  decomposes  before  it  melts,  at  about  3000°C.  Aronson^ 

lists  a  value  for  the  melting  point  of  3200°C  (3470°K),  the  value  selected. 

Based  on  2.5  e.u./gm-atom  as  the  entropy  of  fusion,  the  entropy  of  fusion 

21 

is  7.5  e.u.,  and  the  heat  of  fusion  follows  as  26.025  kcal.  Mezaki  gives 

heat  content  data  for  TaB,  to  1200°K,  and  provides  a  heat  capacity  equation 

^  27 

linear  in  temperature.  Neel  gives  heat  content  data  for  "TaB"  but  its 
composition  was  not  specified;  the  data  were  not  used.  The  enthalpy  data 
of  Mezaki  were  used  by  noting  the  ratio  of  measured  enthalpies  to  the  pre¬ 
dicted  enthalpies  based  on  additivities  of  the  elements,  as  follows: 


T,°K 

Additivity 

21 

Mezaki 

Ratio 

500 

2.750 

3.002 

1.092 

700 

5.961 

6.330 

1.061 

900 

9.462 

10.008 

1.058 

1100 

13.178 

14.036 

1.065 

1200 

15.101 

16.182 

1.072 

2000 

31.512 

-- 

-- 

The  significance  of  the  minimum  in  the  ratio  is  doubtful.  The 
procedure  used  was  to  assume  a  value  of  1.07,  and  assign  an  enthalpy  at  an 
arbitrarily  selected  2000°K  of  1.07  x  31.512  or  33.718.  An  enthalpy 
equation  was  then  derived  by  using  values  at  298.16°  (the  zero),  700°K, 
1200°K,  and  2000°K  in  the  form 

H298  -  «T  +  It2  -  f  +  K 

The  resulting  equation  gave  specific  heat  as  follows: 

C  -  18.294  +  .0C247T  -  7.879  x  105T-2 
P 

which  was  used  to  2000°K;  above  this  temperature  the  heat  capacity  was 
held  constant  at  23.0  cal/°K-mol. 
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2.1.20  TaOF(g)  and  TaOCl (g) 

The  following  values  of  bond  distances  and  force  constants  were 
taken  from  previous  estimates  (2.1.3,  2.1.11,  2.1.6)  and  used  in  the  valence 
force  theory  equations*^  to  obtain  moments  of  inertia  and  wave  numbers: 


bond  distance  (&) 

k(tou> 

cm* 

k/#2  (^ss»; 

*  cm. 

Ta-0 

1.827 

7.42xl05 

0.14xl05 

Ta-Cl 

2.30 

1.95xl05 

O.lxlO5 

Ta-F 

1.95 

3.0xl05 

0.3xl05 

Values  of  the  effective  bending  force  constants  for  linear  TaOCl(g)  and 

37 

TaOF(g)  were  calculated  from  the  equation 


\A 

ZJt.Jtu  1 

M 

9 

JLb* 

[x  J 

u. 

ft 

| 

i 

] 

r^i 
/  *-  * 
<..  j 

where : 


is  the  effective  bending  force  constant  for  the  two 
bonds  of  lengths 


is  the  beading  force  constant  for  bond  1. 
is  the  bending  force  constant  for  bond  2. 


From  these  constants  the  moments  of  inertia  for  TaOF  and  TaOCl  were  cal- 

-39  -39  2 

culated  to  be  20.82  x  10  and  38.08  x  10  gm.cm.  ,  respectively.  Have 
numbers  for  TaOF  were  208.5(2),  540,  and  926  cm.’*.  For  TaOCl  the  corres¬ 
ponding  wave  numbers  were  157(2),  331,  and  926  cm.  *. 


2.1.21  TaQ2Cl(g),  TaQ2F(g),  TaOF2(g),  TaOCl2(g)  and  TaOFj(g) 

Thermodynamic  properties  for  these  species  were  estimated  from 
bond  energies,  additivity  laws,  and  correlations  with  compounds  including 
the  species  TaOCl (g),  Ta0F(g)  and  TaOCl ^(g)  reported  herein.  Procedures 
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used  ere  outlined  below: 

The  heets  of  formation  were  obtained  from  bond  energies  based  on 

the  heats  of  formation  of  TaCl^(g),  TaF^(g) ,  TaO(g)  and  Ta02(g),  the  heat 

of  sublimation  of  Ta(s),and  the  JAMAF  values  of  the  dissociation  energies 

of  F2(g)  and  Cl2(g)>  An  independent  check  of  thia  method  for  the  tantalum 

oxyhalides  was  made  by  calculating  the  heat  of  formation  of  TaOCl-(g) 

38  ^ 

('180.7  kcal/mole)  .and  comparing  the  result  with  Schafer's  reported  value 
('187.2  kcal/mole). 

Again,  entropies  at  298°K  were  obtained  from  a  graphical  corre- 
lation  of  compounds  of  tantalum  and  niobium  following  the  method  of 
Kuba schewski 2<* . 

By  adding  up  the  component  heat  capacities  of  the  tantalum 
oxyhalides  from  TaO(g),  Cl^ig)  and  F2(g)>  heat  capacities  of  the  Individual 
oxyhalides  were  estimated  at  various  temperatures.  The  calculation  of 
thermodynamic  functions  subsequently  made  use  of  these  heat  capacities 
fitted  to  the  general  equation 

Cp(T)  -  A  +  BT  +  CT"2 

Table  I  summarizes  the  results  from  the  foregoing  calculations!  methods. 


Species 

A«  f29g 

(kcal/mole) 

TABLE  I 

c° 

S298 

(e.u.) 

C  (T)  = 
P 

A  +  BT  +  CT* 

2cal/mole°K 

A 

BxlO3 

-CxlO'6 

Ta02Cl(g) 

-117.9 

69.5 

19.01 

0.1320 

0.3087 

Ta02F(g) 

-167.2 

71.0 

18.95 

0.1734 

0.3322 

TaQF2(g) 

-202.5 

72.5 

17.52 

0.2655 

0.2391 

TeOCl2(g) 

-103.8 

74.0 

17.64 

0.1826 

0.1922 

TeOF3(g) 

-335.3 

76.0 

21.92 

0.3818 

0.2994 
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2.1.22  T«OCl3(g) 

38 

Estimate*  by  von  Schafer  and  Sibbing  of  the  heat  of  formation 
(-187.2  kcal/mole)  and  entropy  (86.4  e.u.)  were  used.  Heat  capacity  wa* 
estimated  by  summing  the  contributing  heat  capacities  of  TaO(g)  and 
3/2  &2(g).  The  resulting  data  was  approximated  by  the  equation 
Cp  -  19.6  +  0.00413T  (cal/mole°K)  from  298  to  1000°,  and  22.5  +  2.2  x  10*4T 
from  1000  to  6000°K. 

2 . 2  TUNGSTEN  SPECIES 

2.2.1  wr2(g) 

A  heat  of  formation  of  -3.3  kcal/mole  has  been  estimated  from 

39 

the  average  HP  bond  energy  in  WF^(g)  A  linear  structure  with  W-F 

distance  of  1.89&  was  assumed15.  The  corresponding  moment  of  inertia 

-39  2 

was  calculated  to  be  22.6  x  10  gm-cm  .  Fundamental  frequencies  of  526, 
147(2)  and  578  cm-1  were  estimated  by  the  valence  bond  method15  using  a 
stretching  force  constant  of  3.1  x  105  dynes/cm,  and  bending  force 
constant  of  0.1  x  105  dynes/cm. 

2.2.2  WF4(g) 

A  heat  of  formation  of  -210  kcal/mole  has  been  estimated, using 

39 

the  average  W-F  bond  energy  in  WF,(g)  Using  the  same  force  constants 

b  -1 
as  for  WF2>  fundamental  frequencies  of  526,  164(2),  561(3)  and  149(3)  cm 

were  estimated.  A  tetrahedral  structure  was  assumed,  with  a  W-F  bond  dis¬ 
tance  of  1.89^  15 ;  the  product  of  the  moments  of  inertia  was  calculated 
to  be  27.2  x  10  114gm5cm4. 

2.2.3  WF5(g) 

A  heat  of  formation 
energies  of  WF(g),  WF^(g)  and 
dermined  from  the  JANAF  heats 
of  85  e.u.  was  estimated  from 


of  -384  kcal/mole  was  estimated, using  the  bond 
W0F4(g).  These  latter  bond  energies  were  de- 
of  formation  of  these  compounds.  An  entropy 
values  of  S^gg  for  the  gaseous  species  WF,  WF2 , 
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Heat  capacitiea  for  WFj(g)  were  estimated  by  cross-plotting 


WF.  and  WF, . 

4  6 

values  of  C  for  these  same  tungsten  fluorides  at  various  temperatures,  and 
P  -2 

fitting  to  the  equation  -  A  +  BT  -  CT  The  resulting  heat  capacity 
function  between  298°K  and  6000°K  was  taken  as: 


C  (T)  *  30.805  +  3.69x10"5T  -  5.42  x  loV2  (cal/mole-°C) 

P 

2.2.4  W02F2(g)  and  W0F2(g) 

By  analogy  and  correlation  of  the  values  of  entropy  and  molecular 
weight  for  other  tungsten  compounds,  estimates  for  the  entropy  at  298°K  for 
^2F2^®^  and  W0F2(g)  were  taken  to  be  74  and  70  e.u.,  respectively.  Heats 
of  formation  from  bond  energies  were  calculated  to  be  -246  kcal/mole  for 
W02F2(g)  and  -96  kcal/mole  for  WOF2(g).  Bond  energies  used  in  these  calcu¬ 
lations  were  derived  from  JANAF  values  for  the  heats  of  formation  of  F(g), 
W(g),  W0(g) ,  W02(g),  0(g),  WF(g)  and  WFfi(g).  The  additivity  assumption 
used  to  obtain  heat  capacities  was  found  to  give  results  which  checked 
reasonably  well  with  JANAF  values  for  W02&2(g).  Heat  capacity  functions 
at  temperatures  between  298°K  and  6000°K  were  found  to  be: 


C  (T)  for  W0,F,(g)  *  22.44  +  0.2748xl0~3T  -  0. 375xl06T‘2(cal/mole-°K) 


C  (f)  for  W0F« (g)  »  17.60  +  0.2548xl0'3T  -  0. 229xl06T‘2(cal/mole-°K) 
P  2 


2.2.5  WC(c) 

24 

Schwarzkopf  and  Kieffer  describe  reactions  of  tungsten  and 

carbon  in  detail.  The  only  tungsten-carbon  compound  which  appears  to  have 

been  described  thermodynamically  is  WC;  this  is  the  species  considered. 

However,  the  simplification  introduced  by  treating  only  a  single  carbide  is 

40 

evident  by  considering  the  work  of  Sara  and  Doloff  at  National  Carbon. 

The  WC  system,  like  most  metal-carbon  systems,  is  complex,  and  neither  W2C 
nor  WC  are  stable  compounds, as  such  , to  the  melting  points.  The  composition 

*S> 
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corresponding  Co  i^C  first  forma  a  liquid  phase  at  2760°C;  this  composition 
does  not  completely  melt  until  about  2790°C.  The  coaposltlon  corresponding 
to  WC  dissociates  at  2730°C  Into  W5C3  and  C  prior  to  aaltlng.  An  at  -WC 
goes  to  0  -WC  at  2755°C.  The  first  liquid  foras  at  2785°C.  The  temperature 
corresponding  to  complete  melting,  at  the  composition  corresponding  to  WC,  was 
not  measured,  but  was  apparently  considered  by  them  (Judging  the  sketched  in 
portion  of  the  phase  diagram)  to  be  at  2890°C  or  3160°K,  In  good  agreement 
with  an  older  value  of  3140°K^  A  number  of  other  quite  different  values 
have  also  been  reported^. 

Kubaschewski^  gives  the  heat  of  formation  of  WC  at  298°K  as 

-9.1  +  2.S  kcal/mole.  McGraw  *nd  coworkers^  data,  corrected  to  the  JANAF 

value  for  WO^ts),  give  a  value  of  -9.7  +  0.9.  The  latter  value  was 

selected.  Kubaschewski^  gives  the  entropy  at  298°K  as  8.5  +  1.5  e.u. 

A  value  of  9.19  is  estimated,  based  on  additivities,  but  values  based  on 

additivities  tend  to  be  somewhat  high.  (Thus,  based  on  JANAF  values,  S£9g 

for  TIC  is  5.803  vs.  8.689  by  additivities;  Sjqg  for  ZrC  Is  9.30  vs. 

10.669  by  additivities.)  The  value  of  8.5  was  used. 

The  melting  point  was  assigned  at  3160°K,  corresponding  to  the 

40 

temperature  of  complete  liquefaction  given  by  Sara  and  Doloff  Entropy 
of  fusion  was  again  taken  as  5.0  e.u.,  giving  a  heat  of  fusion  of  15.8 
keal/mol . 

26 

Kubaschewski  gives  the  heat  capacity  equation 

C  -  7.98+  2.17  x  10’3T  298-3000°K 

P 

claiming  accuracy  to  6  percent.  At  298°K  this  equation  gives  C  -  8.63; 

58  ** 

the  additivities  rule  gives  7.835.  Boosz  gives  heat  capacity  of  tungsten 
carbide  as  6.85,  but  the  abstract  did  not  define  the  stoichiometry.  The 
JANAF  tables  permit  estimation  of  heat  capacity  by  the  additivity  rule  for 
comparison  with  Kubaschewski 'a  equation,  as  follows: 
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T,°K 

Cp(W) 

Cp(C) 

cD(wc) 

C  (Kubaschevski) 
P 

298 

5.797 

2.038 

7.835 

8.63 

300 

6.114 

3.496 

9.610 

9.06 

1000 

6.547 

5.149 

11.696 

12.15 

1500 

6.920 

5.669 

12.589 

13.23 

2000 

7.286 

5.865 

13.151 

14.32 

2500 

7.648 

5.974 

13.622 

15.40 

3000 

8.009 

6.057 

14.066 

16.49 

The  two  results  agree  within  about  10  percent.  The  additivity  values 
based  on  JANAF  data  were  selected,  and  fitted  at  298,  1000  and  3000°K,  to 
give  the  following  equation: 

C  -  11.375  +  .00091T  -  3.388  x  105t'2 
P 

Above  3160°K,  heat  capacity  was  assumed  constant  at  14.5  cal/°K-mol. 

2.2.6  WB(c) 

30 

Leitnaker  estimates  the  heat  of  formation  of  MB  as  between  -15 

and  -12  kcal/mole.  A  value  of  -13.5  was  chosen.  The  entropy  was  estimated 

from  the  JANAF  entropies  for  W  and  B,  assuming  a  B  contribution  of  -1.75  e.u- 

24 

as  before,  resulting  in  a  value  of  7.47  e.u.  Schwarzkopf  and  Kieffer  give 
a  melting  point  of  2860°C;  a  value  of  3130°K  was  used.  Aronson**6  gives  a 
melting  point  for  of  only  2200°C,  implying  some  doubt  of  the  2860°C 

value  for  WB;  no  value  is  given  by  Aronson  for  the  WB  compound,  however. 
Assuming  2.5  e.u./gm  atom  as  the  entropy  of  fusion  as  before,  the  heat  of 
fusion  follows  at  15.65  kcal/mol. 
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21  34  o 

Mezaki's  '  data  were  again  used  in  the  under  1200  K  region, 

and  extendad  to  2000°  by  empirical  correction  of  additivities  as  follows: 


Additivitv 

Mezaki 

Ratio 

500 

1.968 

2.061 

.955 

700 

4.201 

4.459 

.942 

900 

6.605 

6.953 

.950 

1100 

9.139 

9.475 

.965 

1200 

10.448 

10.738 

.973 

2000 

21.612 

(20.964) 

Again  the  trend  la  noted  but  was  not  deemed  convincing;  an  enthalpy  value 
at  2000°  of  .97  x  21.612  or  20.964  was  used,  as  with  Tal^.  The  Cp  equation 
resulting  was 

C  -  13.129  -  .162  x  10‘3T  -  4.26  x  loV2 
P 

This  equation  has  a  maximum  at  1770°K;  above  1800°K  Cp  was  assumed  to 
increase  linearly  to  a  value  of  14.0  at  the  melting  point. 


2.3  HAFNIUM  COMPOUNDS 
23.1  Hf(g) 

The  heat  of  formation,  145.5  kcal/mole,  was  taken  from  Panish 

54  4 

and  Reiff  Values  of  enthalpy  and  entropy  were  taken  from  Barriault  et  al 

(Entropy  and  enthalpy  data  at  3000°K  are  only  0.15  units  higher  than  corres- 

43  42 

ponding  data  from  Kelley  and  King  .  Also,  Poland  et  al  report  a  value  for 
the  enthalpy  of  6000°K  which  is  0.21  kcal/mole  higher  than  that  used.) 

2.3.2  Hffc) 

4 

Data  from  Barriault  et  al  were  used  for  the  solid  and  liquid 

43  o 

states  of  hafnium.  The  values  from  Kelley  and  King  at  3000  K  are  again 
slightly  lower  (29.54  vs.  30.23  e.u.  for  entropy  and  26.11  vs.  27.72 
kcal/mole  for  enthalpy).  The  data  for  the  liquid  were  extended  to  6000°K 
using  a  constant  heat  capacity  of  8.00  cal/deg  mole. 
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2.3.3  HfO(g) 

From  Che  bond  energy  calculated  ualng  Che  heat  of  formation  of 
HfO(g),  Hf(g),  and  0(g).  Che  heat  of  formation  of  HfO(g)  at  298°K  waa 

estimated  to  be  30  kcal/mole.  Using  the  bond  distance,  1.74  A,  given  by 

44  -39  2 

Brewer  ,  the  moment  of  inertia  was  calculated  to  be  7.38  x  10  gm-cm  . 

The  wave  number  taken  from  the  same  source  was  895  cm  A  statistical 

weight  of  unity  was  again  used  for  the  ground  state. 

2.3.4  Hf02(g) 

The  heat  of  formation  of  HfOgCg)  was  estimated  to  be  -85  kcal/mole 

at  298°K  from  the  corresponding  heats  of  formation  of  gaseous  TiO_  and  ZrO» 

1  11 
given  by  JANAF  .  The  Hf-0  bond  length  was  taken  to  be  1.74  A.  as  given  by 

44  -39 

Brewer  Assuming  a  linear  structure  the  moment  of  Inertia  is  16.08  x  10 

2  45 

gm-cm  .  The  wave  numbers  were  taken  from  Chandrasekharaiah  to  be  244(2), 

860  and  935  cm  *.  The  statistical  weight  of  the  ground  state  was  assumed 

to  be  unity  due  to  complete  pairing  of  electrons. 

2.3.5  Hf02(c) 

The  heat  of  formation,  -266.1  kcal/mole,  and  entropy  at  298°K, 

43  o 

14.18  e.u. ,  were  taken  from  Kelley’s  work  .  The  melting  point,  3170  K, 

46 

was  taken  from  Goldsmith  et  al .  The  entropy  of  fusion  was  taken  as  7.0 

26 

e.u. /mole,  based  on  considerations  given  by  Kubaschewski  ,  giving  a  heat 

of  fusion  of  19  kcal/mol. 

47 

Orr  gives  the  heat  capacity  equation 

C  «  17.39  +  2.08  x  10‘3T  -  3.48  x  105t"2  (298-1800°K) 

P 

This  equation  gives  a  value  of  21.75  cal/mole°K,  or  7.25  cal/gm-atom-°C, 
at  2115°K.  A  value  of  7.25  is  reasonable  for  heat  capacity  at  a  melting 

9 

or  transition  point  ,  so  that  it  seemed  reasonable  to  use  this  value  as  an 
approximate  maximum,  even  though  the  melting  point  is  much  higher  (3170°K). 
The  equation  was  thhs  used  to  2115°K,  above  which  temperature  was  assumed 
to  be  constant  at  21.8  cal/mole-°C. 
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2.3.6  HfClfg) 

A  bond  length  of  2.30  A  wee  obtelned  by  edding  the  atomic  radii, 

13 

end  multiplying  the  sum  by  the  retlo  of  the  observed  Hf-Hf  bond  length  to 

the  stomic  diameter  of  hefnium.  The  moment  of  lnertie  wes  then  celculeted 

-39  2 

to  be  30.7  x  10  gm-cm  . 

Estimetlon  of  the  stretching  force  constent  for  hefnium  chloride 

wes  besed  on  the  velence  force  theory,*^  using  en  observed  frequency,  JA , 

48  J 

for  HfCl,  (g)  ,  end  bending  force  constent  determined  from  corrections 

**  37 

using  electrostetic  theory  .  A  similar  celculetion  wes  made  for  hafnium 

fluoride  using  en  observed  frequency,^,  for  HfF^(g)^®.  From  these  two 

stretching  force  constants,  the  empirical  values,  a  end  b,  in  Gordy's 
49 

equation  for  estimating  force  constants  for  large  groups  of  compounds 
could  be  celculeted,  assuming  the  electronegativities  of  hafnium  and  zir¬ 
conium  to  be  equal.  The  stretching  force  constant  obtained  using  the 
values  a  -  3.93  and  b  *  0.66  in  Gordy's  equation  gives  2.54  x  10'  dynes/cm 
for  HfCl(g) .  This  value  was  used  to  obtain  382  cm  for  the  wave  number. 

A  statistical  weight  of  2  for  the  ground  state  was  based  on  the 
presence  of  an  unpaired  electron. 

The  heat  of  formation  was  calculated  from  the  measured  heats  of 
formation  of  HfCl^ (g)^ Hf(g)^,  and  Cl(g)*by  assuming  the  change  in  bond 
energy  with  valence  is  the  same  as  that  used  for  the  corresponding  Zr  and  Ti 
halides  by  the  JANAF  committee*.  Smoothed  curves  having  these  energy/valence 
slopes  indicate  a  heat  of  formation  at  298°K  for  HfCl(g)  of  -3  kcal/mole. 

2.3.7  HfCl2(g) 

The  same  bond  length  used  for  HfCl(g)  was  taken  from  HfCl9(g). 

-39  2  C 

A  moment  of  inertia  of  73.6  x  10  gm-cm  was  calculated,  based  on  an 

assumed  linear  molecular  structure.  The  bending  force  constant  was 

37 

calculated  from  a  previously  determined  value  for  ZrCl2(g)  ,  by  assuming 
that  Hf  and  Zr  have  the  same  electronegativities  and  accounting  for  diff¬ 
erences  in  bond  lengths.  The  bending  force  constant  was  found  to  be 
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0.045  x  105  dynes/cm.  Uaing  chia  force  constant  and  Che  acretching  force 
conatant  uaed  for  HfCl(g)  in  equatlona  derived  from  valence  force  theory,*3 
wave  numbers  were  calculaCed  Co  be  77.6(2).  349,  and  412  cm’* . 

A  scatiacical  weight  of  1  for  Che  ground  aCaCe  waa  uaed.  By  Che 
aame  methods  uaed  for  HfCl(g),  Che  heac  of  formation  at  298°K  was  found  to 
be  -86  kcal/mole. 


2.3.8  HfCl3(g) 

A  planar  trigonal  atructure  was  assumed  with  Che  same  Hf-Cl 
distance  used  for  Che  diatomic  species.  The  moment  of  inertia  for  this 
configuration  is  336.2  x  10  **^gm3-cm^,  and  the  symmetry  number  is  6.  A 
statistical  weight  of  2  was  used  for  the  ground  state. 

Methods  described  for  HfCl2(g)  were  used  to  obtain  0.037  x  10^ 
dynes/cm  for  the  bending  force  constant.  An  out-of -plane  force  constant  of 
0.033  x  103  dynes/cm  was  calculated  from  the  following  relation  previously 
determined  for  ZrCl^tg)37: 


k  a  kg 

-r=-  -  0.145  k.  +  0.491  (— -  0.353 

1Z  1  1 


where 


are  the  out-of -plane,  stretching  and 
bending  force  constants  respectively 
(dynes/cm  x  10  ) 


Using  these  out*of-plane  and  bending  constants  and  the  stretching  force 
constant  used  for  HfCl(g),  the  following  wave  numbers  were  calculated: 
50.2,  80.7(2),  349,  and  398(2)cm'1. 

The  heat  of  formation  was  found  to  be  -159  kcal/mole  at  298°K 
by  the  method  described  for  HfCl(g). 
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2.3.9  HfCl4(g) 

A  tetrahedral  atructure  was  assumed  with  the  same  Hf-Cl  bond 
length  used  for  HfCl(g).  This  configuration  has  a  moment  of  inertia  of 
944.4  x  10  ^^gm^-cm^  and  a  symmetry  number  of  12.  The  statistical  weight 
for  the  ground  state  was  taken  to  be  one.  Calculations  of  bending  force 
constants  described  for  HfCl(g)  give  the  value  0.062  x  10^  dynes/cm  for 
HfCl4(g).  Using  this  value  and  the  stretching  force  constant  calculated 
for  HfCl(g),the  following  wave  numbers  were  derived  from  valence  force 
theory:  91.6(3),  94.4(2),  349,  and  393(3)  cm"1. 

The  heat  of  formation  is  obtained  from  the  heat  of  sublimation 
(23.8  kcal/mole)  by  Palko,  et  al^1  and  the  heat  of  formation  of 
HfCl4(c)^,  and  found  to  be  -213.0  kcal/mole  at  298°K. 

2.3.10  HfCl.(c) 

- 2 -  50 

Gross' 8  value  was  used  for  the  heat  of  formation  (236.88 
+  .22  kcal/mole).  Kelley' value  for  the  entropy  (45.60  e.u.)  at  298°K 

was  used  along  with  his  value  for  the  fusion  of  10.5  kcal/mole  at  the 

o  4  7 

melting  point  (705  K).  The  heat  capacity  equation  of  Orr  (Cp  -  31.47 

-  2.38  x  10^T  2  cal/mole-°C,  -298-485°)  was  used  (and  extrapolated)  to  the 

melting  point,  and  a  constant  value  of  36.2  cal.mole-°C  (7.25  cal/gm-atm-°C) 

was  used  to  6000°K. 


2.3.11  HfF(g),  HfF2(g),  HfF3(g)  and  HfF4(g) 

Methods  used  to  calculate  force  constants,  heats  of  formation 
and  moments  of  inertia  for  these  species  are  identical  to  the  HfClx  species. 
The  following  table  summarizes  the  results  of  these  computation^.  A  bond 
distance  of  2.22  A  and  a  stretching  force  constant  of  4.07  x  10  dynes/cm 
was  used  throughout. 
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Soecies 

Moment  of  Inertia 

.5 

-rx  103 

r 

(dynes/cm) 

Wave  Numbers (cm  *) 

AH298 

(kcal/mole) 

HfF(g) 

-39  2 

14.0x10  gm-cin 

-- 

634 

-21 

HfF,(g) 

31.1x10  3^gm-cm^ 

0.059 

113(2) ,603,664 

-143 

HfF3(g) 

25.3x10  ^^gm3-cm^ 

0.044 

116(2), 175, 603, 650(3)  -280 

HfF4(g) 

70.5x10  **^gm3-cm^ 

0.072 

131(3), 139(2), 603 

-41033’3* 

622(3) 

The  statistical  weights  of  the  ground  state  for  these  species  are  the  same 
as  those  of  the  corresponding  hafnium  chlorides. 

2.3.12  HfF4(c) 

The  heat  of  formation  at  298°K  (-461.4  kcal/mole)  was  taken  from 
52  43 

Greenberg  et  al.  Kelley  lists  entropy  (31.50  e.u.)  and  heat  content  data 
from  which  heat  capacities  were  determined  to  the  melting  point  (1200°K). 

The  resulting  function,  Cp(T)  -  22.49  +  10.43  x  10_3T  -  1.77  x  104T  cal/ 
mole-°C,  differs  at  1000°K  from  independent  data33  by  1.2  cal/mole-°C.  A 
heat  of  fusion  of  18  kcal/mole  was  used,  and  a  constant  heat  capacity  of  36.2 
cal/mole-°C  (7.25  cal/gm-atm-°C)  between  1200  and  6000°K. 

2.3.13  HfOCl(g) 

The  heat  of  formation  (  -59  kcal/mole)  at  298  K,  was  calculated 

54 

from  the  heats  of  vaporization  of  Hf(c),  given  by  Panish  and  Reif  ,  and 

heats  of  dissociation  of  02(g)  and  Cl2(g)  from  JANAF  data^. 

Assuming  a  linear  molecular  with  bond  lengths  for  Hf-0  and  Hf-Cl 

-39  2 

of  1.7  A  and  2.5  A,  respectively,  the  moment  of  inertia  is  42.18  x  10  gm-cm  . 

The  bending  force  constants  for  Hf-02  and  Hf-Cl2  were  calculated  from  the 

wave  numbers  reported  for  Hf0,(g)  and  calculated  for  HfCl.(g).  Using  electro- 
37  L  1 

static  force  theory  ,  these  force  constants  were  combined  to  obtain  the  bend¬ 
ing  force  constant  for  HfOCl(g)  of  0.093  x  103  dynes/cm.  This  constant  and 
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those  stretching  force  constants  calculated  for  HfO(g)  and  HfCl(g)  were 
used  In  the  valence  force  equations^  to  obtain  the  wave  numbers  145(2), 

379  and  896  cm  *. 

A  statistical  weight  of  2  for  the  ground  etate  was  used. 

2.3.14  HfOF(g) 

In  the  same  manner  that  thermodynamic  data  were  estimated  for 

HfOCl(g),  the  corresponding  values  for  HfOF(g)  were  found  to  be: 

-39  2 

Moment  of  inertia  -  23.43  x  10  gm-cm 

(linear  molecule  with  Hf-F 
bond  length  of  2.22  A.) 

Heat  of  formation  at  298°K  ““109  kcal/mole 
Bending  force  constant  (HfOF)  -  0.107  x  10^  dynes/cm 
Wave  numbers  “  162(2),  630  and  898  cm  * 

Ground  state  statistical  weight  “  2 

2.3.15  HfOCl2(g)  and  Hf0F2(g) 

The  simple  valence  force  theory  has  its  limitations,  as  pointed 
out  by  Herzberg^,  who  cites  a  number  of  cases  where  theory  and  experiment 
diverge.  A  case  of  the  failure  of  the  theory  was  encountered  in  estimating 
wave  numbers  for  HfOCl2(g).  Estimates  were  being  made  based  on  the  sparse 
experimental  data  available  (consisting  only  of  wave  numbers  for  HfO(g) 
and  the  frequencies  for  HfCl,  (g)  and  HfF,(g)  ),and  on  a  correlation  of 
models  built  from  point  charges  according  to  laws  of  electrostatic  theory  . 

As  is  always  the  case,  it  was  desired  to  maintain  consistency  in  values 
between  the  different  halides,  so  that  force  constants  used  with  these  species 
were  based  on  work  with  other  species,  as  described  earlier.  In  the  present 
instance,  however,  the  valence  force  theory  led  to  complex  numbers  for 
two  of  the  six  wave  numbers  for  HfOCl2(g).  (No  such  problem  arose  with 
HfOF2(g);  similar  cases  have,  however,  been  cited  by  Herzberg.)  It  was 
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evident  that  this  Implied  either  an  Inadequate  model  In  the  theory  (which 
la  poaalble),  or  elee  aubatantlally  erroneoua  force  conatant  ratios. 

Neither  alternative  seemed  worth  pursuing,  aa  results  are  not  overly  sen¬ 
sitive  to  the  values  selected  for  these  two  wave  numbers.  Tentative  functions 
were  thus  computed  by  simply  neglecting  the  Imaginary  components;  the  results 
were  found  to  be  nearly  Identical  to  the  corresponding  results  for  Z1OCI2  and 
were  accepted  until  more  experimental  data  become  available. 

Values  of  the  effective  out  of  plane  force  constants  were  obtained 
from  the  relation^ 


which  le  derived  from  a  force  balance  on  the  non-rotating  molecule. 

Calculations  of  moments  of  inertia  were  based  on  a  planar  symmetric 
molecule  with  equcl  bond  angles,  using  the  bond  lengths  for  hafnium  halides 
and  monoxide  which  were  described  for  these  Individual  species.  A  symmetry 
number  of  2  and  a  statistical  weight  of  1  for  the  ground  state  were  used. 

The  heats  of  formation  were  calculated  in  the  same  manner  des¬ 
cribed  for  HfOCl(g)  and  HfOF(g). 

Results  of  these  calculations  are  summarized  below: 


Species 

AHf298 

(kcal/mole) 

Ill 
x  y  z 

,  3  6X 

(ton  cm  ) 

Wave  numbers 
(cm-1) 

HfOCl2(g) 

-149 

-112 

1.056  x  10  1 

88,230.307.307, 

363.5,896 

HfOF2(g) 

-248 

-112 

0.14247  x  10 

123,269,314,619, 

646,875.5 
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2.3.16  HfB2(c) 

The  heat  of  format Ion  of  HfB2(c)  vaa  taken  from  Paderno33 

at  al . .  aa  >74.2  kcal/aola.  Entropy  vaa  calculated  aa  9.52  e.u.,  baaed 

on  a  boron  contribution  of  -1.75  e.u.(aa  deacrlbed  earlier  for  TaB2(c), 

and  an  entropy  of  Hf  aa  10.666  e.u.  The  melting  point  vaa  taken  aa 

3250°C  (3520°K),  aa  given  by  Aronson3*.  Aa  vlth  other  carbidea  and 

boridea,  the  entropy  of  fuaion  vaa  aet  at  2.5  e.u. /gram- atom,  giving 

a  heat  of  fuaion  of  26.4  kcal/mol. 

34 

Margrave 'a  enthalpy  data  vere  again  compared  to  additivities 
in  the  range  298-1200°K,  and  an  empirical  constant  relating  measured 
values  to  additivities  used  to  extend  the  data  to  2000°K: 


T,°K 

Additivities 

Kezaki 

Ratio 

500 

2.804 

3.633 

.774 

700 

6.100 

6.353 

.961 

900 

9.715 

9.988 

.972 

1100 

13.574 

13.938 

.972 

1200 

15.580 

16.030 

.972 

2000 

32.931 

The  assigned  value  at  2000°  vaa  .972  x  32.931  or  32.009.  Using 
these  data  the  heat  capacity  equation  was  derived: 


C  -  20.807  -  .256  x  10_3T  -  1.0164  x  106t’2 
P 

This  equation  shows  a  maximum  at  1990°K;  above  2000°  the  heat  capacity 
was  assumed  to  increase  linearly  to  the  melting  point,  at  and  above  which 
value  a  heat  capacity  of  21  cal/swle-°K  was  used. 
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2.3.17  HfC/c) 

43 

The  heat  of  formation  was  taken  from  Kelley  ,  who  eatlmates 

Ah°,.^8  *44.7  kcal/mole.  Kelley4^  assumes  the  entropy  at  298°  to  be 

the  same  ae  the  entropy  of  the  metal,  which  he  placea  at  10.91  e.u.  The 

value  for  standard  entropy  of  Hf  selected  for  our  purposes,  from  the  AVCO 
4 

report  ,  is  10.666  e.u.;  we  note,  however,  that  for  TaC  the  selected 

entropy  is  1.159  units  less  than  the  sum  of  graphite  plus  tantalum  or 

0.20  units  greater  than  the  metal.  With  this  same  approach,  a  value  of 

10.866  would  be  placed  on  HfC.  A  value  of  10.9  was  used. 

The  melting  point  was  determined  in  1930  by  Agte  and  Alterthum^ 

as  3890°C;  no  more  recent  value  has  been  found.  The  value  of  4160°K  was 

used.  Following  previous  procedure,  the  entropy  of  fusion  was  set  at 

43 

5.0  e.u.,  and  the  heat  of  fusion  at  20.8  kcal/mole.  Kelley  gives 
estimated  heat  content  data  at  2000°K.  Southern  Research  Institute 
reports  experimental  data  to  approximately  3000°K,  with  heat  capacities 
peaking  at  13.7  cal/mol-°K.  Kelley's  heat  content  estimates  were  fitted 
to  points  at  298.15,  700,  1200,  and  2000°K.  The  equation  resulting  was 

C  -  8.290  +  .00316T  -  7540T-2 
P 

This  equation  was  used  to  a  temperature  of  2000°  above  which  temperature 
the  heat  capacity  was  assumed  constant  at  14.61  cal/mol-°K. 

2.3.18  HfN(c) 

Humphrey^7  gives  the  heat  of  formation  as  -88.24  kcal/mole. 

Entropy  at  298°K  was  taken  from  Kelley^,  who  estimates  at  the  same 

value  as  the  metal,  or  10.91  e.u.  Correction  to  the  value  of  10.666  e.u. 

for  the  metal,  as  used  here,  did  not  seem  merited.  Humphrey^7  estimated 

29 

13.1  e.u.  The  melting  point  was  taken  from  Brewer  et  al .  who  gave  the 
melting  point  at  3580°K.  The  entropy  of  fusion  and  heat  of  fusion  were 
taken  as  5.0  e.u. /mol  and  17.9  kcal/mole.  Kelley  gives  heat  contents  to 
2000°K.  Neel27  gives  data  to  4750°F(2900°K) ;  their  data  however  show  an 
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approximate  30  percent  decrease  ia  heat  capacity  between  a  peak  value  of 
13.0  at  1500°F  (U00°K)  and  the  value  at  4500°F  (2760°K)  of  10.2.  At 
about  1100°K,  Kelley  estimates  (aa  computed  from  hie  heat  content  values) 
the  heat  capacity  to  be  about  12.6  increasing  to  14.2  at  about  2000°K. 
Kelley's  data  seen  more  reasonable,  and  were  fitted  at  298.15,  700,  1200 
and  2000°K  as  before.  The  equation  resulting  was 

C  -  9.889  +  . 0219T  -  6.634  x  loV2 
P 

which  was  used  to  2000°.  Above  this  temperature  the  heat  capacity  was 
assumed  to  be  constant  at  14.27  cal /mol -°K. 
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TABUS  OF  THERMODYNAMIC  PROPERTIES 


3 . 1  INTRODUCTION 

The  computed  thermodynamic  properties  ere  presented  in  the 
following  pages.  Properties  are  computed  at  intervals  of  100°Kelvin. 

The  temperature  base  of  298.15°  Kelvin  is  abbreviated  in  the  table 
headings  as  298.  The  heading  Hggg  refers  to  the  usual  term,  (H°  -  H°9g). 
The  term  298  re^er *  to  the  heat  liberated  in  the  process  of  forming 

the  specified  species  from  the  elements  in  their  standard  states  at 
298.15°K.  The  heading  S  refers  to  the  absolute  entropy. 
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THOM} DYNAMIC  fUMCTIOW  QT  T«(*) 

AMf2M  *  116,1  KCJU^MDU 

I  '*-*2")*  8  %  *$„ 

<°K)  (c*l/woU  °K)  (c«l/«ol»  °K)  (c«l/«ol«  °K)  Qtc«l/«oU) 


298.15 

44.243 

44.243 

4.985 

0.000 

300 

44.243 

44.274 

4.986 

0.009 

*00 

44.440 

45.719 

3.081 

0.312 

300 

44.813 

46.872 

5.278 

1.029 

600 

45.241 

47.857 

3.541 

1.370 

700 

45.679 

48.733 

5.827 

2.138 

soo 

46.111 

49.530 

6.110 

2.735 

900 

46.532 

30.265 

6.376 

3.359 

1000 

46.940 

30.949 

6.621 

4.009 

1100 

47.334 

31.591 

6.844 

4.683 

1200 

47.714 

52.195 

7.044 

5.377 

1300 

48.081 

52.766 

7.221 

6.091 

1400 

48.435 

53.307 

7.377 

6.821 

1300 

48.777 

53.821 

7.514 

7.565 

1600 

49.108 

54.310 

7.633 

8.323 

1700 

49.428 

54.776 

7.739 

9.092 

1800 

49.737 

55.221 

7.832 

9.870 

1900 

50.037 

55.647 

7.916 

10.658 

2000 

40.328 

56.055 

7.993 

11.453 

2100 

50.610 

56.446 

8.064 

12.256 

2200 

50.884 

56.823 

8.132 

13.066 

2300 

51.150 

57.186 

8.196 

13.882 

2400 

51.409 

57.536 

8.258 

14.705 

2300 

51.661 

57.874 

8.319 

15.534 

2600 

51.906 

58.202 

8.378 

16.369 

2700 

52.145 

58.519 

8.437 

17.210 

2800 

52.378 

48.827 

8.495 

18.056 

2900 

52.606 

49.126 

8.552 

18.909 

3000 

52.828 

59.417 

8.610 

19.767 

3100 

53.045 

59.700 

8.667 

20.631 

3200 

53.258 

59.976 

8.725 

21.500 

3300 

53.465 

60.246 

8.783 

22.376 

3400 

53.669 

60.509 

8.841 

23.257 

3500 

53.868 

60. 766 

8.900 

24.144 

3600 

54.063 

61.018 

8.959 

25.037 

3700 

54.254 

61.264 

9.019 

25.936 

3800 

54.442 

61.505 

9.079 

26.841 

3900 

54.626 

61.742 

9.139 

27.752 

4000 

54.807 

61.974 

9.200 

28.668 

4100 

54.984 

62.202 

9.261 

29.592 

4200 

55.159 

62.426 

9.322 

30.521 

4300 

55,330 

62.646 

9.383 

31.456 

4400 

55.499 

62.862 

9.444 

32.397 

4500 

55.665 

63.075 

9.504 

33.345 

4600 

55.829 

63.285 

9.564 

34.298 

4700 

55.989 

63.491 

9.623 

35.258 

4800 

56.148 

63.694 

9.680 

36.223 

4900 

56.304 

63.894 

9.737 

37,194 

5000 

56.458 

64.092 

9.792 

38.170 

5100 

56.609 

64.286 

9.846 

39.152 

5200 

56.759 

64.478 

9.897 

40. 139 

5300 

56.906 

64.667 

9,947 

41.131 

5400 

57.052 

64.853 

9.995 

42.128 

5500 

57.195 

65.037 

10.040 

43.130 

5600 

57.337 

62.218 

10.083 

44.136 

5700 

57.477 

65.397 

10.124 

45.147 

5800 

57.615 

65.573 

10.161 

46.161 

3900 

57.751 

65.747 

10.197 

47.179 

6000 

57.886 

65.919 

10.229 

48.200 
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tmwMMMc  macnoM  op  t«(c) 

A,H*0  *  0 


r 

-  <°u 

290.15 
300.00 
<*00.00 
500.00 
600.00 
700.00 
000.00 
900.00 
1000.00 
1 100.00 
■200.00 
■300.00 
■400.00 
■500.00 
■600.00 
1700.00 
■000.00 
■V00.00 
2000.00 
2100.00 
2200.00 
2300.00 
2400.00 
2500.00 
2600.00 
2700.00 
2000.00 
2900.00 
3000.00 
3100.00 
3200.00 
3300.00 
3400.00 
3500.00 
3600.00 
3/00.00 
3000.00 
3900.00 
4000.00 
4100.00 
4200.00 
4300.00 
4400.00 
4500.00 
4600.00 
4/00.00 
4000.00 
4900.00 
5000.00 
5 100.00 
S200.00 
5300.00 
5400.00 
5500.00 
5600.00 
5700.00 
5000. 00 
5900.00 
6000.00 


igii/agu 


9.900 


9 

.900 

10 

.13/ 

10 

.506 

1 1 

.091 

II 

.590 

1? 

.090 

12, 

.559 

13, 

.005 

13. 

,42/ 

13. 

,82/ 

14. 

20/ 

14. 

560 

14. 

912 

15. 

240 

15. 

554 

15. 

855 

16. 

143 

16.420 

16.60/ 

16.945 

■/. 194 
■  7.434 
17.66/ 
17.092 
10.  I  I  I 
■0.324 
10.530 
18.731 
■0.92/ 
■9.110 
■9.325 
■9.5/4 
19.016 
20.050 
2 0.278 
20.500 
20. 715 
20.925 
21. 130 
21.329 
21.524 
21.714 
21.900 
22.001 
22.250 
22.432 
22.602 
22.760 
22.931 
23.091 
23.247 
23.401 
23.552 
23.699 
23.045 
23.907 
24.127 
24.265 


°IL 

9.900 
9.937 
■1.670 
■3.037 
■4.156 
■5. 100 
■5.939 
>6.677 
■7.342 
17.94/ 
10.503 
■9.019 
19.499 
19.949 
20.3/3 
20.  // 3 

21. 154 
21.516 
21.861 
22. 192 
22.510 
22.815 
23. 109 
23.393 
23.66/ 
23.933 
24. 190 
24.441 
24.604 
24.920 
25.150 
27.6/5 
27.914 
28.  145 
20.3/1 
20.590 
20.003 
29.01  I 
29.214 
29.411 
29.604 
2V. 792 
29.9/6 
30. 156 
30.332 
30.504 
30.6/2 
30.83/ 

30.999 

31.  157 
31.313 
31.465 
31.615 
31.761 
31.905 
32.047 

32.  106 
32.323 
32.45/ 


6.029 
6.072 
6.  IIS 
6.150 
6.201 
6.244 
6.207 
6.330 
6.3/3 
6.416 
6.459 
6.502 
6.545 
6.508 
6.631 
6.6/4 
6. 71/ 
6.  / 60 
6.803 
6.046 
6.009 
6.932 
6.9/5 
7.018 
7.061 
/.  104 
/.  14/ 

7.  190 
7.233 
7.2/6 
8.000 
8.000 
8.000 
8.000 
0.000 
8.000 
0.000 
8.000 
8.000 
8.000 
H.  000 
0.000 
e.ooo 
8.000 
8.000 
8.000 
8.000 
8.000 
8.000 
8.000 
0.000 
e.ooo 
8.000 
e.ooo 
0.000 
8.000 
8.000 
e.ooo 


■2*0 

.Oil 
.616 
1.226 
1.039 
2.45/ 
3.079 
3.706 
4.337 
4.972 
5.611 
6.255 
6.903 
7.556 
8.212 
8.073 
9.538 
10.208 
10.082 
II . 560 
12.242 
12.929 
13.620 
14.316 
15.015 
15.719 
16.427 
17. 140 
17.057 
18.576 
19.303 

27.554 

28.354 

29. 154 

29.954 

30.754 

31.554 

32.354 

33.  154 

3 3.954 

34.754 

35.554 

36.354 

37. 154 

37.954 

30.754 

39.554 

40.354 

41.154 

41.954 

42.754 

43.554 

44.354 

45. 154 

45.954 

46. 754 

47.554 

40.354 

49.  154 
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T 

-flL _ 

-<F-8M8  >/T 
tc»l/aol«°r) 

298.15 

51.944 

SCO  .cc 

57.95C 

4CC.CC 

58.246 

5CC.CC 

58.817 

6C0.CC 

59.469 

7C0.CC 

6C.132 

8CC.CC 

6C.781 

9CC.CC 

61.4C4 

1CC0.CC 

61.999 

11C0.CC 

62.564 

I2CC.CC 

63. 1C2 

13C0.CC 

63.613 

14C0.CC 

64.C99 

15C0.CC 

64.562 

16C0.CC 

65.CC4 

17C0.CC 

65.427 

18C0.CC 

65.631 

19C0.CC 

66.2  19 

<CC0.CC 

66.591 

aco.cc 

66.949 

<2CC.CC 

67.294 

aco.cc 

67.627 

<4C0.CC 

67.947 

<5CC.CC 

68.257 

aco.cc 

68.557 

<7C0.CC 

68.647 

<acc.cc 

69.126 

aco.cc 

69.40 

3CCC.CC 

69.666 

31C0.0C 

69.924 

32C0.CC 

7C. 174 

33CC.CC 

7C.417 

34C0.CC 

7C.C55 

35CC.CC 

7C.666 

36C0.0C 

71.111 

37CC.CC 

71.331 

38CO.CC 

71.546 

39CC.CC 

71.755 

4CC0 .CC 

71.96C 

41CC.CC 

72. 16C 

42C0.CC 

72.356 

43CC.CC 

72.546 

44CC.CC 

72.736 

45C0.CC 

72.92C 

46C0.CC 

73. ICC 

47CC.CC 

73.277 

48C0.CC 

73.45C 

49C0.CC 

73.6  £1_  _ 

5CCC.CC 

73.767 

51CC.CC 

73.951 

52CC.CC 

74.1  12 

53CO.CC 

74.27C 

54CC.CC 

74.426 

55CC.CC 

74.576 

56CC.CC 

74.729 

57CC.CC 

74.676 

58C0.CC 

75 .C  22 

59CC.CC 

75.165 

CCCC.CC 

75.3C5 

”298 


(ttl/mol,  “rl 

Ccal/aol*  k3 

IkcAl/aol 

Tr.Ur 

Mil  *' 

57.996 

7.428 

.014 

6C.186 

7.803 

.776 

61.96C 

8.C90 

1.571 

63.454 

8.294 

2.391 

64.744 

8.437 

3.228 

65.877 

8.540 

4.077 

66.888 

6.616 

4.935 

67.799 

8.673 

5.800 

66.627 

8.716 

6.669 

69.387 

8.750 

7.543 

7C.C89 

8.777 

8.419 

7C.74C 

6.799 

9.298 

71.348 

8.817 

10.179 

71.917 

8.831 

11.061 

72.453 

8.844 

11.945 

72.959 

8.854 

12.830 

73.438 

8.863 

13.716 

73.893 

8.871 

14.603 

74.326 

6.877 

15.490 

74.739 

6.883 

16.378 

75.134 

8.888 

17.266 

75.512 

8.892 

18.155 

75.875 

8.896 

19.045 

76.224 

8.899 

19.935 

76.56C 

8.903 

20.825 

76.884 

8.905 

21.715 

77.196 

8.908 

22.606 

77.498 

8.910 

23.497 

77.791 

8.912 

24.386 

76  .  C  74 

8.914 

25.279 

76.346 

8.916 

26.171 

76.614 

8.917 

27.062 

76.873 

e.919 

27.954 

79.124 

8.920 

28.846 

74.368 

8.921 

29.738 

75.6C6 

8.922 

30.63C 

79.838 

8.923 

31.522 

8C.064 

8.924 

32.415 

6C.284 

8.925 

33.307 

ec.499 

8.926 

34.20C 

8C.7C9 

8.927 

35.092 

8C.915 

8.927 

35.985 

61.115 

8.928 

36.878 

61.311 

6.929 

37.771 

61.503 

8.929 

38.664 

ei.69l 

8.930 

39.556 

81.876 

8.93C 

40.449 

62.056 

6.931 

41.343 

82.233 

8.931 

42.236 

82.4C6 

e.932 

43.129 

82.576 

8.932 

44.022 

82.743 

8.932 

44.915 

62.907 

8.933 

45.808 

63.066 

8.933 

46.702 

63.226 

8.933 

47.595 

63.382 

8.934 

48.486 

63.534 

8.934 

49.382 

63.685 

8.934 

50.275 
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T 

(°K> 

<c«l/«8l«  °l)  Ictl/malm  °K) _ 

s 

(cil/aoW  °K) 

*290 

(kCfl/HDlO 

298. IS 

*2.0*3 

*2.053 

11.50* 

0 

300.00 

*2.0*3 

*2. 124 

11.52* 

.021 

*00.00 

*2.51/ 

6S.S/5 

12.4*9 

1 .22  J 

1)00. 00 

*3.422 

*8.429 

13.110 

2.504 

*00.00 

*4.464 

Z0.86I 

13.5*3 

3.858 

zoo.oo 

**.*33 

Z2.975 

13.8*9 

5.210 

800.00 

**.*82 

74.84  1 

14.07* 

6.607 

900.00 

«/.S94 

7*. *08 

14.234 

8.023 

1000.00 

*8.5*2 

78.014 

14.3*2 

9.453 

1 100.00 

69.434 

79.386 

14.442 

10.892 

1200.00 

/O. 3*3 

80.64* 

14.512 

12.340 

1300.00 

/I.  199 

81.810 

14.**/ 

13.794 

1400. oc 

/I. 996 

82.891 

14.612 

15.253 

1*00.00 

Z2./56 

83.900 

14.648 

16.71* 

1*00.00 

Z3.483 

84.84/ 

14.6/8 

18. 183 

1  TOO. 00 

/4. 1/8 

8*. 73/ 

14.703 

19.6*2 

1800. OC 

/ 4.843 

86. *78 

14.724 

21.123 

1900.00 

/* . 482 

87.37* 

14. 742 

22.596 

20 00.00 

Z*. 096 

88. 132 

14.758 

24.071 

2100.00 

Z6.686 

88.8*2 

14. //I 

25.548 

2200.00 

Z/.25* 

89.539 

14.783 

27.026 

2300.00 

Z/.804 

90. 19/ 

14.793 

2d. 504 

2400.00 

/d. 333 

90.8 2/ 

14.802 

29.984 

2*00.00 

Z8.84* 

91.431 

14.810 

31.465 

2*00.00 

/9.340 

92.012 

14.817 

32.94* 

2/00.00 

Z9.820 

92.5/1 

14.823 

34.428 

2800.00 

80.28* 

93.110 

14.829 

35.911 

2900.00 

80./ 36 

93.631 

14.834 

37.394 

3000.00 

61.1/* 

94.134 

14.038 

38.877 

3100.00 

81.601 

94.620 

14.842 

40.5*1 

*200.00 

82.01* 

95.092 

14.846 

41.846 

.300.00 

82.4  Id 

95.549 

14.850 

43.331 

340C.0C 

62.811 

95.992 

14.8*3 

44.816 

3500.00 

83. 194 

96.423 

14.8*6 

46.301 

3*00.00 

83.56/ 

96.84  1 

14.8*8 

47.787 

3/00.00 

83.931 

97.248 

14.861 

49.273 

3800.00 

84.28/ 

97.648 

14.8*3 

50.759 

3900.00 

84.634 

98.031 

14.8*5 

52.245 

4000.00 

84.9/4 

98.40/ 

14.867 

53.732 

4100.00 

85.30* 

98.7/4 

14.8*9 

55.219 

4200.00 

85.631 

99.132 

14.070 

56.70* 

4300.00 

8S.949 

99.482 

14.872 

*8. 195 

4400.00 

66.261 

99.824 

14.873 

59.680 

4*00.00 

86.566 

100. 159 

14.875 

*1. 168 

4*00.00 

86.8*5 

100.485 

14.0/6 

62.655 

4/00.00 

8/. 158 

100.805 

14.877 

64. 143 

4800.00 

6/. 446 

101. 1  19 

14.078 

65.631 

4900.00 

8/.Z28 

101.425 

14.879 

67.  1  18 

*000.00 

88.005 

101.726 

14.880 

68.606 

*100.00 

88.2// 

102.021 

14.881 

70.0V4 

*200.00 

88.544 

102.310 

14.882 

71.583 

*300.00 

88.80* 

102.593 

14.883 

73.071 

54CC.0C 

89.0*4 

102.8/1 

14.884 

74.559 

5*00.00 

89.318 

103.  144 

14.884 

76.048 

5*00.00 

89.56/ 

103.413 

14.885 

77.536 

S/00.00 

89.812 

105.67* 

14.88* 

79.025 

*800.00 

90.053 

105.93) 

14.88* 

80.513 

*900.00 

90.291 

104. 190 

14.887 

82.002 

*000.00 

90.525 

104.440 

14.887 

83.491 
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S 
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ht 
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■min™  «■ 

rr  t  iri 

298. IS 

3*. 200 

3*. 200 

32.296 

0 

iOO.OO 

J*  .  2  0 1 

3*. *00 

32.190 

.060 

*00.00 

35.521 

**.261 

35.92* 

3.  *96 

S00.00 

38.117 

52.508 

37.912 

7.  195 

*00.00 

*1.117 

59.5*8 

39.292 

11.059 

700.00 

**. 198 

65.689 

*0.38* 

15.0** 

800.00 

*7.231 

71.  1** 

*1.123 

19.131 

900.00 

50. 16* 

76.061 

*2.173 

23.306 

1000.00 

52.983 

80.5*6 

*2.968 

27.563 

noo.oo 

55.679 

8*. 677 

*3.727 

31.898 

1200.00 

58.257 

88.51* 

**.*61 

36.308 

1  iOO.OO 

60.72* 

92. 101 

*5.178 

*0.790 

1*00.00 

63.0 87 

95. *75 

*5.882 

*5.3*3 

IS00.00 

65.353 

98.66* 

*6.577 

*9.966 

1600.00 

67.531 

101.692 

*7.265 

5*. 658 

1700.00 

69.626 

10*. 578 

*7.9*7 

59. *19 

1800.00 

71.6*5 

107.338 

*8.625 

6*. 2*7 

1900.00 

73.593 

109.985 

*9.300 

69.  1** 

2000.00 

75. *77 

1 12.531 

*9.972 

7*. 107 

2100.00 

77.300 

1 l*.985 

50.6*2 

79. 138 

2200.00 

79. *50 

13*. 268 

56.000 

120.598 

2300.00 

81.888 

116.757 

56.000 

126. 198 

2*00.00 

8*. 225 

13V.  !*  1 

56.000 

131.798 

2500.00 

86. *67 

1*1. *27 

56.000 

137.398 

2600.00 

88.62* 

1*3.623 

56.000 

1*2.998 

2700.00 

90.700 

1*5.736 

56.000 

1*8.596 

2800.00 

92.702 

1*7.773 

56.000 

15*. 196 

2900.00 

9*. 6 35 

1*9.738 

56.000 

159.796 

3000.00 

96.50* 

151.6?. 

56.000 

165.396 

3100.00 

98.312 

153. *73 

56.000 

170.998 

3200.00 

100.06* 

155.251 

56.000 

176.598 

3300.00 

101.762 

156.97* 

56.000 

162. 198 

3*00.00 

103. *11 

158.6*6 

56.000 

187.798 

3500.00 

105.012 

160.269 

56.000 

193.398 

3600.00 

106.569 

161.8*7 

56.000 

198.998 

3700.00 

108.08* 

163.381 

56.000 

20*. 598 

3800.00 

109.559 

16*. 87* 

56.000 

210.  198 

3900.00 

1 10.996 

166.329 

56.000 

215.796 

*000.00 

112.397 

167.7*7 

56.000 

221.398 

*100.00 

113.76* 

169. 130 

56.000 

226.998 

*200.00 

1  15.098 

I/O. *79 

56.000 

232.598 

*300.00 

1  16. *02 

171.797 

56.000 

236. 196 

**00.00 

1  17.675 

173.08* 

56.000 

2*3.798 

*500.00 

1  18.921 

17*. 3*3 

5o. 000 

2*9.398 

*600.00 

120. 139 

175.573 

56.000 

25*. 998 

*700.00 

121. 331 

176.778 

56.000 

26C.598 

*800.00 

122. *99 

177.957 

56.000 

266. 198 

*900.00 

123.6*2 

179.  II  1 

56.000 

271.798 

5000.00 

12*. 763 

180.2*3 

56.000 

277.398 

5100.00 

125.862 

181.352 

56.000 

262.998 

5200.00 

126.939 

182. *39 

56.000 

266.598 

5300.00 

127.997 

185.506 

56.000 

29*. 198 

5*00.00 

129.03* 

18*. 553 

56.000 

299.798 

5500.00 

130.053 

185.580 

56.00C 

505.398 

5600.00 

131.05* 

186.589 

56.000 

.110.998 

5700.00 

132.037 

187.580 

56.000 

516.598 

5800.00 

133.003 

188.55* 

56.000 

3 22. 196 

5900.00 

133.953 

189.512 

56.000 

327.798 

6000.00 

13*. 886 

1?Q.*53 

56.000 

335.598 
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noMoetMuac  rmcrum  or  ur(g) 

tfl!,..  -  (0.7  KCAL/NOU 


T 

(*t) 

°t) 

» 

(cil/aoli  °K) 

s  . 

(cil/wU  Tl) 

"m 

(kMl/MU) 

fit ,15 

51. til 

57.61* 

8.106 

c 

JCO.CC 

51. til 

57.66* 

8.113 

.015 

4CC.CC 

57.44C 

6C.047 

8.412 

.84) 

5CC.CC 

58,i57 

41.944 

8.5*1 

1.69) 

4CC.CC 

55.251 

62.51* 

8.6*2 

7.557 

7CC.CC 

54.444 

64.841 

8.747 

1.428 

4CC.CC 

6C .4  5 1 

66.C32 

8.791 

4  .  )05 

4C0.CC 

61.3C7 

67.C7C 

8.821 

5.186 

ICCC.CC 

61.431 

66.C0C 

8. *44 

6.069 

11CC.CC 

62. *77 

66.844 

8.860 

6.955 

I7C0.CC 

63.C81 

64.615 

8.871 

7.841 

IUC.CC 

63.411 

7C  .326 

8.883 

8.729 

I4CC.CC 

64.115 

7C  .985 

8.891 

9.616 

liCC.CC 

64. '43 

71.598 

6.698 

10.507 

I6CC.CC 

65.C44 

72.173 

8.903 

11.397 

17CC.CC 

65.444 

72.713 

6.408 

12.288 

IHCC.CC 

65.4CC 

72.222 

8.911 

l ). 179 

14CC.CC 

64.246 

72.704 

6.914 

14.07C 

iOCC.CC 

46 . 4  HC 

74.161 

6.917 

14.96? 

t  l  C  C  .  c  c 

67.C47 

74.596 

6.519 

15.854 

/7C0.CC 

67.4CC 

7t.CU 

8.521 

16.746 

i  ico.cc 

67.  1  34 

75 .4C8 

e.923 

17.636 

;«cc.tc 

66. Cl  7 

75.788 

6.925 

18.53C 

i  5CC  .CC 

64.243 

76.152 

8.526 

19.423 

i6CC.CC 

68.444 

76.5C2 

6.927 

20.315 

ircc.cc 

68.444 

76.839 

6.928 

21.208 

i4CC.CC 

64.2  7C 

77. 164 

8.929 

27.101 

i 4CC .CC 

64.548 

77.477 

8.93C 

22.994 

3CCC.CC 

64.417 

7J.78C 

8.931 

23.887 

•ICO.'C 

7C.C74 

76 . C  73 

8.932 

24.7HC 

37CC.CC 

7C. 3 • 2 

78.156 

8.93? 

25.674 

--3CC.CC 

7C.581 

7t.631 

6.933 

26.567 

24CC.CC 

7C.471 

76.B98 

6.934 

27.460 

25CC.CC 

71.C54 

75.157 

8.934 

28.354 

24CC.CC 

71.244 

75.4C9 

6.935 

29.747 

•  /CC.CC 

71.5CJ 

75.653 

8.935 

30.141 

.'4CC.CC 

71.775 

75.H92 

e.535 

31.034 

••'.CC  .CC 

71.427 

8C.124 

6.936 

31.926 

<CCC.CC 

77.145 

8C.3  5C 

6.936 

37.821 

<1CC.CC 

72.247 

8C.571 

8.536 

33.715 

47CC.CC 

77.544 

1C. let 

e.537 

34.608 

<  2CC  .CC 

72.74C 

6C.994 

6.537 

35.502 

<  4  C  C . CC 

77.4  3C 

8I.7C2 

8.937 

36.396 

*5CC.CC 

73.1  16 

81.403 

8.937 

J7.29C 

<61C  .CC 

73.248 

81.559 

8.538 

36.183 

<7CC,CC 

73.477 

61.791 

8.938 

39.077 

<8C0.CC 

73.4  5? 

61.979 

8.938 

39.971 

<4CC .CC 

73.424 

82.164 

8.5)8 

40.865 

tccc.cc 

73.493 

62.344 

8.938 

41.758 

ticc.cc 

74.158 

82.521 

8.538 

42.652 

‘7C0.CC 

74.321 

82.695 

6.935 

43.546 

•3C0.CC 

74.48C 

82.865 

8.935 

44.440 

t4CC.CC 

74.4  27 

82.C32 

8.535 

45.334 

t5CC.CC 

74.741 

83.196 

6.939 

46.228 

•tco.cc 

74.443 

83.357 

8.939 

47.122 

•7C0.CC 

75.C42 

83.515 

8.935 

46.016 

•4CC.CC 

75.2  28 

83.671 

8.535 

48.9IC 

•9C0.CC 

75.262 

63.824 

6.5)9 

49.804 

CCCO.CC 

75.524 

83.974 

8.54C 

50.698 
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vm MBMiine  rmmam  or  r«r2(«) 

A8?,M  -  -45 .5  KCAL/MU 


T 

(mI/mIi  °K) 

1 

(ni/mu  *k) 

°P  - 

(Ul/Mll  *k> 

Ah 

(kMl/Mlt) 

258.15 

63*4)1 

(3.0) 

t 

uc.cc 

61*4)4 

63.511 

12.79) 

.024 

4C0.CC 

61.444 

67.11) 

13.58C 

1.347 

5CC.CC 

64,4)8 

7C.194 

14 .0 1C 

7.728 

6CC.CC 

66 . C  64 

72.972 

14.264 

4.143 

7C0.CC 

67.714 

75.184 

14.425 

5.578 

8CC.CC 

64.3)! 

77.111 

14.51) 

7.026 

9CC.CC 

64.4C8 

76.814 

14.608 

8.483 

ICCC.CC 

7C.425 

6C .176 

14.66) 

9.947 

iicc.c: 

7I.J44 

61.776 

14.704 

11.415 

I7CC.CC 

77.317 

63.056 

14.7)5 

17,887 

1  ICC.CC 

73.184 

64.7J7 

14. 760 

14.362 

I4C0.CC 

74. CU 

65.331 

14.779 

15.839 

1SC0.CC 

74.4C4 

66.352 

14.795 

17.318 

I6C0.CC 

75.554 

67. 307 

14.808 

18,799 

1 ICC.CC 

76.2  76 

66.7C5 

14.819 

20.279 

IBCC.CC 

76.462 

64.C52 

14.828 

21.767 

I9CC.CC 

77.42C 

64.854 

14.636 

73.245 

iCCU.CC 

74.251 

4C  .615 

14.843 

24.729 

i ICC.CC 

76.657 

9I.34C 

14.848 

26.214 

ICC.CC 

75.44C 

92.01 

14.853 

27.699 

i  jcc.cc 

8C.CC7 

42.641 

14.857 

29.184 

i4CC.CC 

bC.544 

43.323 

14.861 

JO. 670 

iSCU.CC 

81.C67 

43.9JC 

14.865 

32.156 

i6CC.CC 

81.573 

44.513 

14.868 

33.643 

i7CC.CC 

82 .C  63 

45.074 

14.87C 

J5.13C 

i8CC.CC 

82.534 

95.615 

14.873 

36.617 

i9C0.CC 

62.448 

96.137 

14.875 

38.104 

•ccc.cc 

83.444 

96 .641 

14.877 

39.59? 

21CC.CC 

83.676 

97.179 

14.878 

41.08C 

•2C0.CC 

84.249 

97.6C7 

14.880 

42.568 

•JCC.CC 

84. 7C4 

96.059 

14. eel 

44.056 

24CC.CC 

85. 1C6 

46.504 

14.883 

45.544 

i5CU.CC 

85.447 

46.935 

14.884 

47.032 

‘CCC.CC 

85.6  76 

99.354 

14.884 

48.521 

‘7CC.CC 

86.746 

44.767 

14.886 

50.009 

i8CC.CC 

86.6 C 7 

ICC. 159 

14.887 

51.498 

•9CC.CC 

86.46C 

ICC. 546 

14.888 

52.987 

‘CCC.CC 

87. JC4 

ICC. 921 

14.889 

54.475 

‘ICC.CC 

87.641 

1CI.241 

14.889 

55.964 

‘7CU.CC 

8  7.4  7C 

10.649 

14 .890 

57.453 

‘JCC.CC 

86,242 

1C2.0CC 

14.891 

58.942 

<4CU.CC 

88.6C6 

IC2.342 

14.891 

60.431 

‘5C0.CC 

Be. 4  17 

1C2.677 

14.892 

61.920 

46CC.CC 

84.219 

IC3.C04 

14.892 

63.41C 

‘7CC.CC 

84. *  16 

1C3.324 

14.893 

64.899 

‘8CC.CC 

84.6C7 

1C  3 .6  38 

14.893 

66.388 

44CC.CC 

9C.C42 

IC3.945 

14.894 

67.878 

•CCC.CC 

9C.372 

IC4.246 

14.894 

69.367 

5 ICC.CC 

9C.647 

IC4.541 

14.894 

70.856 

‘.7C0.CC 

9C.41I 

1C4.8  3C 

14.895 

72.346 

•  KC.CC 

91.163 

ICS. 114 

14.899 

73.835 

54CC.CC 

91.443 

IC5.392 

14.896 

75.325 

‘ICC.CC 

9 1  . C  49 

IC5.665 

14.896 

76.816 

stcc.cc 

91.451 

1C5.9J4 

14.896 

78.304 

*.  ICC.CC 

92.144 

IC6.198 

14.896 

79.794 

•-8CC.CC 

92.447 

IC6.4S7 

14.897 

81.28) 

t4Cu.CC 

92.687 

1C6.7U 

14.897 

•2.77) 

CCCC.CC 

92.416 

1C6.962 

14.897 

84.26) 
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T 

(°K) 

“TTTriT 

KO.tC 

4CC.CC 

4C0.CC 

6CC.CC 

7C0.CC 

6CC.CC 

9CC.CC 

1CCC.CC 

I1CC.CC 

I2C0.CC 

1JCC.CC 

I4CC.CC 

tocc.cc 

I6CC.CC 

17CC.CC 

I8CC.CC 

19CC.CC 

icco.cc 

i  1CC.CC 
i2CC.CC 

;3cc.cc 

i4CU.CC 

i5to.cc 

itCO.Cl 

i  7CC.CC 

i8CC.CC 

i9CC.CC 

iCCC.CC 

31CC.CC 

32CC.CC 

33CC.CC 

34CC.CC 

35CC.CC 

36CC.CC 

37CC.CC 

38CC.CC 

35CC.CC 

4CCC.CC 

4 1CC.CC 

42CC.CC 

47CC.CC 

44CC.CC 

45CC.CC 

46C0.CC 

‘TCO.CC 

48CC.CC 

4SCC.CC 

icco.cc 

51C0.CC 
i2CC.CC 
i  KC.CC 
i4C0.CC 
i5C0.CC 
i6CC.CC 
i 7CC.CC 
i8CC.CC 
55CC.CC 

tccc.cc 


A*mi 

-(r^i/t 

(Ml /Mil  °K) 


•w*Mtc  njMcnai  or  ur 


•1*2  KCAL/NDU 

I 

(ctl/wli  °K) 


<•) 


71.727 

77.726 

74. CC1 

75.  ICC 
76.758 
78. JU 
79.757 
81.218 
62.572 

61.857 
85. C  76 
86.277 
67.  724 
68.381 
85.38C 
9C. 334 
91.246 
92.12C 
72.55  <3 
97.765 
94.541 
95.2(8 
96. CCS 

96.  JC5 

97.  3  78 
99. C  3C 
98.661 
9S.2JJ 
99.861: 

ICC. 445 

101. CCt 

101.552 

102.  C83 

102. 6  C i 

103.  1C5 
103.598 

104.  C78 
104.547 

105.  CC6 
105.454 

105. 8S7 
106. 322 
106.742 
107.153 
107.556 

107. 552 
108.335 
108.719 
109. CS2 
109.458 
109.(18 
ItC. 171 
IK. 518 
I1C. 659 
111.195 
til. 524 
111.(49 
112.168 
112.46) 


71.327 

77.411 

78. 426 
62.501 
65.919 
((.655 

91.426 
93 -.706 
95.760 
97.622 
99.129 

ICC .901 
1C2.359 
1C3.718 
1C4.951 
1C6.167 
IC7.316 
1C8. 385 
ICS. 399 
1  1C.  365 
111.286 
112.166 
1 12.0C9 
113.817 
l  14.595 
1  15.343 
1 16.C63 
1  16.759 
117.431 
1  18.082 
l  18.712 
l  IS. 32* 
US. 914 
12C.485 
121. C4H 
121.592 
122.121 
122.677 
123.179 
123.629 
124. IC8 
124.575 
125.031 
125.478 
125.914 
126.341 
126.759 
127.168 
12  7.57C 
127.963 
128.346 
126.727 
129.096 
129.462 
125. 820 
13C.1 77 
I3C.517 
I3C.6S7 
131. 19C 


(Ml/aoW  °K) 

— or 


"m 

(kMl /■*!•) 


16.757 
17.917 
16.551 
16.926 
19.164 
19.327 
19.435 
19.516 
19.576 
19.623 
19.659 
19.666 
19.711 
19.731 
19.747 
19.760 
19.771 
19.781 
19.790 
19.797 
19.803 
19.809 
19.814 
19.ei« 
19.822 
19.825 
19.829 
19.831 
19.834 
19.836 
19.838 
19.840 
19.842 

19.844 

19.845 
19.84) 

19.846 

19.849 

19.850 

19.851 

19.852 

19.853 

19.854 

19.855 

14.855 

19.856 

19.857 

19.857 

19.858 

19.858 
19.859, 

19.859 

19.860 
19.160 
19.661 

19.861 

19.861 

19.862 


.031 

1.771 

1.597 

5.473 

7.378 

9.103 

11.241 

13.189 

15.143 

17.103 

19.068 

21.035 

23.005 

24.977 

26.951 

28.926 

30.903 

32.881 

34.859 

36.838 

38.818 

40.799 

42.7BC 

44.762 

46.744 

48.726 

50.709 

52.692 

54.675 

56.659 

58.642 

60.626 

62.61C 

64.595 

66.579 

68.564 

70.549 

72.533 

74.518 

76.503 

78.489 

80.474 

82.459 

84,445 

86.430 

88.416 

90,401 

*2.387 

94.371 

96.359 

98.345 

100.330 

102,316 

104.302 

106.289 

108.275 

110.261 

112.247 
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TKOMOOTWUaC  PUKTIOM  Of  Taf^Ci) 


t  *<***m>/t 

(°K)  (eal/aola  °K) 

• 

(eal/aola  °K) 

s  . 

(eal/aola  °X) 

*a*i 

(kaal/aala) 

25«.1S 

76.S6C 

76.460 

21.218 

C 

ICC.CC 

76.461 

76.641 

21.262 

.034 

4C0.CC 

77.4  1C 

83.C7C 

22.98C 

2.261 

5CC.CC 

75.C7S 

66.108 

23.911 

4.610 

6CC.CC 

at .ccs 

42.720 

24.459 

7.030 

7CC.CC 

82.944 

46.518 

24.805 

9.495 

8CC.CC 

84.662 

44.846 

25.037 

11.988 

9C0.CC 

86.644 

1C2.80S 

25.199 

14.500 

ICCC.CC 

88.441 

1C4.467 

25.317 

17.026 

1 ICC.CC 

9C. ICC 

1C7.484 

25.405 

19.562 

I7CC.CC 

91.674 

l  1C. 097 

25.472 

22.106 

I3C0.CC 

93.172 

l  12.138 

25.525 

24.6S6 

I4CC.CC 

94.4 SS 

1  14.011 

25.567 

27.211 

I5CC.CC 

9S.94C 

114.797 

25.601 

29.764 

I6CC.CC 

97.243 

1  17.45C 

25.629 

32.331 

l/CC.CC 

98.4  76 

1  14.0C4 

25.652 

34.895 

IHCC.CC 

94.649 

17C.4  7 1 

25.671 

37,461 

I4CC.CC 

ICC. 791 

121.959 

25.688 

40.029 

iCCC.CC 

101.6  78 

123.177 

24.702 

42.598 

<uc.cc 

102.922 

124.437 

24.714 

45.169 

i?C C.CC 

103.927 

174.628 

24.725 

47.741 

; icc.cc 

104.696 

126.772 

25.734 

50.314 

.4CC.CC 

I05.6  3C 

177.867 

25.742 

52.888 

<4CC.CC 

106.733 

126.918 

25.749 

55.462 

i6CC.CC 

107.  <C6 

124.928 

25.755 

58.038 

i  7CC.CC 

108. 4S1 

13C.9CC 

25.761 

60.614 

i8CC.CC 

109.269 

131.837 

25.766 

63.19C 

.9CC.CC 

1 1 C . C  63 

132.741 

25.771 

65.767 

;CCC.Ct 

11C. 634 

133.615 

25.775 

68.344 

•ICC.CC 

111.56? 

1 34.460 

25. 779 

70.92? 

•2CC.CC 

1  12.31C 

1 34.274 

25.782 

73.50C 

’  ICC.CC 

113. C18 

t  36 .C  77 

25.785 

76.078 

•4CC.CC 

11 3. 7C6 

1  36 .842 

25. 788 

78.657 

;!<CC.CC 

114.379 

137.590 

25.790 

81.236 

I-6CC.CC 

I1S.C34 

lie. 316 

25.7*3 

83.815 

•7C0.CC 

114.673 

1  39.023 

25.795 

86.394 

•rcc.cc 

116.797 

139.711 

25.797 

88.974 

•9CC.CC 

116. 9C6 

14C.78I 

25.799 

91.554 

4CCC.CC 

117. fCl 

141  .C34 

25.801 

94.134 

4IC0.CC 

118. C63 

141.671 

25.802 

96.714 

47CC.CC 

116. 657 

142.293 

25.804 

99.294 

4  ICC.CC 

119. 2C8 

142. 9CC 

25.805 

101.874 

44CC.CC 

119.744 

143.493 

25.806 

104.455 

4  SCC  .Cc 

12C.266 

144.073 

25.807 

107.036 

46CC.CC 

1 2C • 6  1 1 

144,641 

25.809 

109.616 

47CC.CC 

171.324 

144.196 

25. etc 

112.197 

48C0.CC 

121.677 

144.739 

25.811 

114.778 

‘9C0.ee 

172. 32C 

146 .771 

25.812 

117. 36C 

tccc.cc 

122. 6C4 

146.793 

25.8t2 

119.941 

ilCC.CC 

123. 28C 

147.304 

25.813 

122.522 

t2CC.CC 

173.747 

147. 8C5 

25.814 

125.103 

fiCO.CC 

124. 2C4 

146.797 

25.815 

127.685 

f4CC.CC 

124.646 

146.779 

25.815 

130.266 

tsic.rt 

175. C44 

149.753 

25.816 

132.840 

i6CC.CC 

125.534 

144.718 

24.817 

135. 43C 

f7CC.CC 

125.463 

ISC . 1 75 

25.817 

1)8.011 

frcc.cc 

126.364 

1 5  C .624 

25.018 

140.593 

•scc.tc 

126.744 

151  .066 

25.818 

143.175 

CCCC.CC 

127. 2C7 

151.499 

25.819 

145.757 
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T 

(°K) 
291.  IS 
100.00 
900.00 
500.00 
000.00 
700.00 
•00.00 
900.00 
1000.00 
1100.00 
1200.00 
1300.00 
1900.00 
1500.00 
1600.00 
1700.00 
■aoo.oo 
1900.00 
2000.00 
2100.00 
2200.00 
2300.00 
2900.00 
2500.00 
2600.00 
2700.00 
2000.00 
2900.00 
3000.00 
3100.00 
3200.00 
3300.00 
3900.00 
3500.00 
3600.00 
3700.00 
3000.00 
3900.00 
9000.00 
9100.00 
9200.00 
9300.00 
9900.00 
9500.00 
9600.00 
9  700.00 
9000.00 
9900.00 
5000.00 
5100.00 
5200.00 
5300.00 
5900.00 
5500.00 
5600.00 
5700.00 
5000.00 
5900.00 
6000.00 


-  ur  i 

^MO  '  *444  K6L/WU 
* 

(cal/aola  °k)  (ciI/mU  “*) 


•(7*H29,)/T 


(cal/aola  °t) 


•  1.000 
•1.000 


1 1.000 

01.157 


irair 


•2.033 
09.052 
06.370 
•0.739 
91.095 
93.269 
95.370 
97.306 
99.293 
101.109 
102.025 

109.969 
106.020 
107.521 
100.950 
1 10.319 
111. 633 
112.895 
I  19.1  II 
115.282 
116.912 
1 1 7.S09 
118.559 
1 19.581 
120.571 

121.531 
122.963 
123.369 
129.250 
125.106 
125.991 
126.759 
■  27.596 
128.320 
129.075 
129.812 

130.532 
131.237 
131.926 
132.601 
133.261 

133.900 
139.592 
135.169 
135.779 
136.372 
136.959 
137.536 
130.102 
130.650 

139.209 
139.792 
190.270 
190.790 
191.301 
191.005 
192.300 


00.053 

95.210 

100.562 

105.169 

109.193 

112.771 

115.900 

110.909 
121.503 
129.090 
126.335 
128.967 

130.965 
132.393 
139.  116 
135.799 
137.387 

138.909 
190.351 
191.735 
193.060 
199.333 
195.556 
196.733 
197.868 

198.969 
150.023 
151.098 
152.091 
153.003 
153.938 
159.895 
155.727 
156.586 
157.922 
150.236 
159.031 
159.806 
160.562 
161.301 
162.023 

162.729 
163.920 
169.097 
169.759 

165.900 
166.099 
166.660 
167.279 
167.000 

160.969 
169.090 
169.616 
170.175 

170.729 
171.269 
171.795 


25.397 

27.072 

29.023 

29.653 

30.036 

30.209 

30.966 

30.595 

30.693 

30.770 

30.832 

30.809 

30.927 

30.965 

30.997 

31.027 

31.053 

31.077 

31.099 

31.119 

31.130 

31.156 

31.173 

31.109 

31.205 

31.220 

31.235 

31.299 

31.263 

31.276 

31.209 

31.302 

31.315 

31.327 

31.339 

31.351 

31.363 

31.375 

31.307 

31.390 

31.910 

31.921 

31.933 

31.999 

31.955 

31.966 

31.977 

31.900 

31.999 

31.510 

31.521 

31.532 

31.593 

31.553 

31.569 

31.575 

31.505 

31.596 


"m 

(kaal/aola) 

,.1 

2.720 

5.579 

0.516 

11.502 

19.519 

17.557 

20.610 

23.675 

26.790 

29.020 

32.919 

36.005 

39.099 

92. 190 
95.299 
90.903 
51.509 
59.610 
57.729 
60.092 
63.956 
67.073 

70.191 
73.311 
76.932 
79.555 
02.679 
05.005 
00.931 
92.060 
95.109 
90.320 

101.952 
109.506 
107.720 
110.056 
113.993 
117.131 
120.270 
123.910 
126.552 
129.695 
132.039 
135.903 
139. ISO 
192.277 
195.925 
190.579 
IS  1.725 
159.076 
150.029 
161.103 
169.330 
167.993 
170.650 
173.000 
176.967 
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raacriM  or  saa.<g) 

•  HO  UAL /NOLI 


o  '/T  »  C 

"1^ "■  W1  . 


,o_ 

It* 

100.00 
400.00 
500.00 
603.00 
703.00 
600.00 
900 .00 
1000.00 
1103.00 
1200.00 
1303.00 
1400.00 
1503.00 
1600.00 
1700.00 
1600.00 
1903.00 
2000.00 
2100.00 
2203 .00 
2300.00 
2400.00 
2500.00 
2600.00 
2700.0 0 
28 00.00 
2903.00 
3000.00 
3103.00 
3200.00 
3300.00 
3400.00 
3503.00 
3600.00 
3700.00 
3600.00 
1903.00 
4000.00 
4100.00 
4200.00 
4300.00 
4400.00 
4500.00 
4600.00 
4700.00 
4800.00 
4900.00 
5000.00 
5103.00 
5203.00 
5300.00 
5400.00 
5500.00 
5603.00 
5700.00 
5800.00 
5900.00 
6000.00 


60.276 
60.614 
61.257 
61.981 
62.709 
63.414 
64.086 
64.722 
65.324 
65.894 
66.433 
66.944 
67.429 
67.891 
68.331 
68.752 
69.154 
69.540 
69.911 
70.267 
70.609 
70.940 
71.258 
71.566 
71.864 
72.153 
72.432 
72.704 
72.967 
73.223 
73.472 
73.714 
73.950 
74.180 
74.404 
74.623 
74.836 
75.045 
75.249 
75.448 
75.643 
75.834 
76.021 
76.204 
76.383 
76.559 
76.732 
76.901 
77.067 
77.230 
77.391 
77.548 
77.703 
77.855 
78.004 
78.152 
78.296 
78.439 


60.329 
62.816 
64.771 
66.379 
67.743 
68.929 
69.976 

70.913 
71.762 
72.538 
73.252 

73.913 
74.528 
75.105 
75.646 
76.156 
76.639 
77.097 
77.533 
77.949 
78. 346 
78.726 
79.091 
79.441 
79.779 
80.104 
80.417 
80.720 
81.014 
81.297 
81.572 
81.839 
82.098 
82.350 
82.595 
82.833 
83.066 
83.292 
83.513 
83.728 
83.939 
84.144 
84. 345 
84.542 
84.734 
84.922 
85.106 
85.287 
85.464 
8S.638 
85.808 
85.975 
86.139 
86.300 
86.459 
86.614 
86.767 
86.917 


8.565 
8.718 
8.795 
8.839 
8.866 
8.883 
8.896 
8.934 
8.911 
8.916 
8.920 
8.923 
8.925 
8.927 
8.929 

8.931 

8.932 

8.933 

8.934 

8.934 

8.935 

8.936 

8.936 

8.937 
8.937 

8.937 

8.938 
8.938 

8.938 

8.939 
8.939 
8.939 
8.939 

8.939 

8.940 
8.940 
8.940 
8.940 
8.940 
8.940 
8.940 

8.940 

8.941 
8.941 
8.941 
8.941 
8.941 
8.941 
8.941 
8.941 
8.941 
8.941 
8.941 
8.941 
8.941 

8.941 

6.941 
6.941 


.016 

.631 

1.757 

2.639 

3.524 

4.412 

5.331 

6.191 

7.082 

7.973 

8.865 

9.757 

10.649 

11.542 

12.435 

13.328 

14.221 

15.114 

16.037 

16.931 

17.794 

18.688 

19.581 

20.475 

21.369 

22.263 

23.156 

24.050 

24.944 

25.838 

26.732 

27.626 

28.519 

29.413 

33.337 

31.231 

32.095 

32.989 

33.883 

34.777 

35.671 

36.565 

37.459 

38.353 

39.248 

40.142 

41.036 

41.930 

42.824 

43.718 

44.612 

45.506 

46.430 

47.294 

48.189 

49.083 

49.977 

50.871 
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300.00 

70.104 

400.00 

70.661 

500.00 

71.721 

600.00 

72.917 

700.00 

74.122 

800.00 

75.290 

900.00 

76.404 

1000.00 

77.459 

iioo.oo 

78.458 

1200.00 

79.403 

1300.00 

80.298 

1400.00 

81.147 

1503.00 

81.953 

1600.00 

82.721 

1700.00 

83.453 

1800.00 

84.152 

1900.00 

84.821 

2000.00 

85.462 

2100.00 

86.078 

2200.00 

86.670 

2300.00 

87.240 

2400.00 

87.790 

2500.00 

88.320 

2600.00 

88.832 

2700.00 

89.328 

2800.00 

89.808 

2900.00 

90.273 

3000.00 

90.725 

3100.00 

91.163 

3200.00 

91.589 

3300.00 

92.003 

3400.00 

92.406 

3500.00 

92.799 

3600.00 

93.181 

3700.00 

93.554 

3800.00 

93.919 

3900.00 

94.274 

4000.00 

94.621 

4100.00 

94.961 

4200.00 

95.292 

4303.00 

95.617 

4400.00 

95.935 

4500.00 

96.246 

4600.00 

96.551 

4700.00 

96.850 

4800.00 

97.143 

4903.00 

97.430 

5000.00 

97.712 

5100.00 

97.969 

5200.00 

98.260 

5300.00 

98.527 

5400.00 

98.769 

S500.00 

99.047 

>600.00 

99.300 

5700.00 

99.549 

5800.00 

99.794 

6900.00 

100.035 

6000.00 

100.272 

70.191 
74.219 
77.521 
80.190 
82.457 
84.427 
84.169 
87.729 
09.142 
90.434 
91.622 
92.723 
93.749 
94.708 
95.610 
96.460 
97.265 
98.028 
98.754 
99.447 
100.109 
100.742 
101.350 
101.934 
102.496 
103.038 
103.560 
104.065 
104.554 
105.027 
105.485 
105.930 
106.361 
106.781 
107.189 
107.587 
107.974 
108.351 
108.719 
109.078 
109.428 
109.771 
1 10. 106 
110.433 
110.754 
111.067 
111.374 
111.676 
111.971 
112.260 
112.544 
112.822 
113.096 
113.364 
113.628 
113.887 
114.142 
114.392 


14.057 

14.404 

14.577 

14.674 

14.733 

14.773 

14.800 

14.820 

14.834 
14.845 
14.854 
14.861 
14.866 
14.871 
14.875 
14.878 
14.880 
14.883 

14.835 
14.886 
14.88B 

14.889 

14.890 

14.891 

14.892 

14.893 

14.894 

14.895 

14.895 

14.896 

14.896 

14.897 

14.897 

14.897 

14.898 
14.896 

14.898 

14.899 

14.899 

14.899 
14.699 

14.900 

14.900 

14.900 

14.900 

14.900 

14.900 

14.901 

14.931 

14.901 

14.901 

14.931 

14.931 

14.931 

14.931 

14.931 

14.932 

14.902 


.026 

1.451 

2.931 

4.364 

5.835 

7.310 

8.789 

10.270 

11.753 

13.237 

14.722 

16.207 

17.694 

19.180 

20.668 

22.155 

23.643 

25.131 

26.620 

28.108 

29.597 

31.086 

32.575 

34.064 

35.553 

37.042 

38.532 

40.021 

41.511 

43.030 

44.490 

45.980 

47.469 
48.959 

50.469 
51.938 
53.428 
54.918 
56.438 
57.898 
59.388 
60.878 
62.358 
63.658 
65.348 
66.638 
66.328 
69.616 
71.336 
72.798 
74.266 
75.776 
77.268 
76.756 
60.249 
61.739 
63.229 
64.719 
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290.  IS 

78.465 

70.465 

10.594 

0 

300.00 

78.664 

78.580 

18.600 

.034 

400.00 

79.202 

84.013 

19.126 

1.924 

500.00 

00.609 

80.312 

19.383 

S.851 

600.00 

02.197 

91.060 

19.520 

5.797 

700.00 

83.799 

94.877 

19.617 

7.755 

000.00 

85.351 

97.501 

IV. 676 

9.720 

900.00 

86.832 

99.821 

19.717 

11.690 

1000.00 

88.237 

101.900 

19.746 

13.663 

1 100.00 

89.566 

103.783 

19.766 

15.630 

1200.00 

90.823 

105.503 

19.784 

17.616 

1300.00 

92.014 

107.087 

19.797 

19.595 

1400.00 

93.  144 

108.555 

19.807 

21.575 

ISOO.OO 

94.217 

109.922 

19.816 

23.557 

1600.00 

95.239 

11 1.201 

19.022 

25.530 

1700.00 

96.214 

1  12.403 

19.828 

27.521 

1000.00 

97. 145 

113.536 

19.633 

29.504 

1900.00 

98.036 

1 14.609 

19.B57 

31.408 

2000.00 

98.890 

1  15.626 

19.840 

33.471 

2100.00 

99.711 

116.594 

19.843 

35.456 

2200.00 

100.499 

117.517 

19.846 

37.440 

2300.00 

101.258 

1 18.400 

19.848 

39.425 

2400.00 

101.990 

119.244 

19.850 

41.410 

2500.00 

102.697 

120.055 

19.852 

43.395 

2600.00 

103.380 

120.833 

19.053 

45.380 

2700.00 

104.040 

121.503 

19.855 

47.365 

2000.00 

104.679 

122.305 

19.856 

49.351 

2900.00 

105.299 

123.001 

19.857 

51.136 

3000.00 

105.901 

123.675 

19.850 

53.322 

3100. 00 

IC6.405 

124.326 

19.859 

55.300 

3200.00 

107.052 

124.956 

19.860 

57.294 

3300.00 

107.604 

125.567 

19.860 

59.200 

3400.00 

108.141 

126. 160 

19.861 

61.266 

3500.00 

100.664 

126.736 

19.862 

63.252 

3600.00 

10V. 174 

127.296 

19.862 

65.230 

3700.00 

109.671 

127.040 

19.863 

67.225 

3000.00 

1 10. 156 

128.369 

19.863 

69.211 

3900.00 

1  10.630 

128.885 

19.864 

71. 197 

4000.00 

111.092 

129.388 

19.864 

73. 184 

4100.00 

1 11.545 

129.879 

19.864 

75.170 

4200.00 

1 11.987 

130.350 

19.865 

77.156 

4300.00 

1  12.420 

130.825 

19.865 

79. 143 

4400.00 

112.843 

131.282 

19.865 

01.129 

4500.00 

113.250 

131.720 

19.066 

83.  1  16 

4600.00 

1 13.664 

132. 165 

19.066 

85.103 

4700.00 

1 14.062 

132.592 

19.066 

87.089 

4000.00 

114.453 

133.010 

19.066 

89.076 

4900.00 

1 14.836 

133.420 

19.067 

91.062 

S000.00 

115.211 

133.821 

19.067 

93.049 

'j  100.00 

1 15*580 

134.215 

19.067 

95.036 

S200.00 

115.942 

134.600 

19.867 

97.023 

5300.00 

116.290 

134.979 

19.867 

99.009 

5400.00 

116.647 

135.350 

19.860 

100.996 

SS00.00 

1 16.991 

155.715 

19.868 

102.903 

S600.00 

117.328 

136.073 

19.860 

104.9/0 

5700.00 

1 17.660 

136.424 

19.868 

106.956 

5000.00 

117.987 

136.770 

19.860 

108.945 

5900.00 

118.308 

137.110 

19.868 

110.930 

6000.00 

1 18.624 

157.443 

19.868 

112.91/ 
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T 

*(r*H29#)^T 

S  .  -a  » _ a  _  0_  i 

1 

8  _  OL.4 

C9  . 

J  _  a  M  .a 

8T 

"298 

298.  IS 

92.000 

92.000 

23.SS0 

0 

300.00 

92.000 

92.146 

23.578 

.044 

400.00 

92.940 

99.082 

24.550 

2.437 

SCO. 00 

94.740 

104.614 

25.000 

4.937 

400.00 

96.779 

109.196 

25.244 

7.450 

100.00 

98.838 

113.099 

25.392 

9.983 

800.00 

100.838 

116.496 

25.487 

12.527 

900.00 

102.748 

119.502 

25.553 

15.079 

1000.00 

104.560 

122.197 

25.600 

17.637 

1 100.00 

106.276 

124.639 

25.635 

20. 199 

1200.00 

107.901 

126.870 

25.661 

22.764 

1300.00 

1C9.44C 

128.925 

25.682 

25.331 

1400.00 

110.901 

130.829 

25.698 

27.900 

ISOO.OO 

112.289 

132.603 

25.711 

30.470 

1600.00 

113.611 

134.262 

25.722 

33.042 

1700.00 

114.872 

135.822 

25.731 

35.615 

1800.00 

116.077 

137.293 

25.738 

38.  188 

1900. CC 

117.231 

138.685 

25.745 

40.762 

2000.00 

118.337 

140.005 

25.750 

43.337 

2100.00 

119.399 

141.262 

25.755 

45.912 

2200.00 

120.420 

142.460 

25.759 

48.488 

2300.00 

121.403 

143.605 

25.762 

51.064 

2400.00 

122.351 

144.702 

25.765 

53.640 

2500.00 

123.267 

145.753 

25.768 

56.217 

2600.00 

124.151 

146.764 

25.770 

58.794 

2700.00 

125.007 

147.737 

25.773 

61.371 

2800.00 

125.835 

148.674 

25.774 

63.948 

2900.00 

126.639 

149.579 

25.776 

66.526 

3000.00 

127.418 

150.452 

25.778 

69.104 

3100.00 

128.175 

151.298 

25.779 

71.681 

3200.00 

128.910 

152.116 

25.780 

74.259 

3300.00 

129.625 

152.910 

25.782 

76.838 

3400.00 

130.322 

153.679 

25.783 

79.416 

3500.00 

131.000 

154.427 

25.784 

81.994 

3600.00 

131.661 

155.  153 

25.785 

84.572 

3700.00 

132.305 

155.859 

25.785 

87.151 

3800.00 

132.934 

156.547 

25.786 

89.730 

3900.00 

133.548 

157.217 

25.787 

92.308 

4000.00 

134. 148 

157.870 

25.787 

94.887 

4100.00 

134.734 

156.507 

25.788 

97.466 

4200.00 

135.308 

159. 128 

25.789 

100.045 

4300.00 

135.869 

159.735 

25.769 

102.623 

4400.00 

136.4  18 

160.328 

25.790 

105.202 

4500.00 

136.956 

160.907 

25.790 

107.781 

4600.00 

137.483 

161.474 

25.791 

110.360 

4700.00 

137.999 

162.029 

25.791 

1 12.939 

4800.00 

138. 505 

162.572 

25.791 

115.519 

4900.00 

139.002 

163. 104 

25.792 

118.098 

5000.00 

139.489 

163.625 

25.792 

120.677 

5100.00 

139.968 

164.135 

25.792 

123.256 

5200.00 

140.437 

164.636 

25.793 

125.835 

5300.00 

140.898 

165. 128 

25.793 

128.415 
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18.707 

75.559 

4600.00 

103.418 

120.261 
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9100.00 

104.9)2 

1?>.**9 

l*.9*4 

•*.4*2 

9200.00 

107.2*1 
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102.671 

14.892 

103.0  13 

14.892 

103.348 

14.893 

103.675 

I4.8V3 

103.996 

14.894 

104.309 

14.894 

106.616 

14.895 

106.917 

16.895 

105.212 

16.895 

105.501 

16.896 

105.765 

16.896 

106.064 

16.896 

106. 337 

16.897 

106.605 

16.897 

106.869 

16.897 

107.  128 

16.897 

107.383 

16.896 

107.653 

16.896 

-59- 

(kcal/aola) 

- r* 

.024 
1.46? 
2.1 60 
4.  184 
5.624 
?.0?6 
8.  *>4/ 
•0.004 
l l.a/a 
12.96/ 
16.626 
IS. 902 
I7.5M2 
18.865 
20.46S 
21.828 
25.512 
26.79/ 
26.282 
27.768 
29.256 
50.760 
52.227 
55.716 
35.201 
36.688 
38.176 
39.666 
61.1 >2 
62.660 
66.128 
65.617 
67. 105 
68.596 
50.085 
51.571 
53.060 
56.569 
56.048 
57.527 
59.01? 
60.506 
61.995 
65.686 
66.976 
66.664 
67.953 
69.662 
70.932 
72.621 
73.911 
75.600 
76.490 
78.480 
79.869 
61.55V 
82.469 
86.439 


1WMDWMAM1C  rtnCTlOM*  or  V.  (|) 


AH 


7298 


•  -210  KCAL/MDU 


T 

<°K> 

"(F'H298)/T  S 

<c«l/«o!«  °K)(c«l/»ol«  _ 

Cp 

(c«l/«olt  °K> 

^290 

(kcal/v>U) 

298.  IS 

83.897 

83.697 

20.978 

0 

300.00 

83.897 

83.827 

21.019 

.039 

800.00 

89.591 

90.085 

22.916 

2.218 

S00.00 

68.175 

95. 178 

23.199 

4.502 

800.00 

88.091 

99.951 

23.659 

6.846 

700.00 

89.990 

103.122 

23.959 

9.228 

eoo.oo 

91.792 

106.339 

29.153 

11.634 

900.00 

93.570 

109. 188 

29.292 

14.056 

1000.00 

95.262 

111.753 

29.393 

16.491 

1100.00 

96.868 

119.081 

29.969 

18.934 

1200.00 

98.393 

116.213 

29.527 

21.384 

1300.00 

99.890 

1 18.178 

29.572 

23.839 

1900.00 

101.216 

120.000 

29.609 

26.298 

1500.00 

102.525 

121.699 

29.638 

26.761 

1800.00' 

103.779 

123.290 

29.662 

31.226 

1700.00 

109.967 

129.786 

29.682 

33.693 

1800.00 

106.107 

126. 197 

29.699 

36.  162 

1900.00 

107. 20C  . 

127.533 

29.719 

38.633 

2000.00 

106.299 

128.801 

29.726 

41. 105 

2  IOC. 00 

109.256 

130.008 

29.736 

43.578 

2200.00 

1  10.226 

131. 158 

29.796 

46.052 

2300.00 

111.160 

132.259 

29.754 

48.527 

2900.00 

1 12.061 

133.312 

24.761 

5 1 .002 

2500.00 

112.932 

139.323 

24.767 

53.479 

2800.00 

1 13.773 

135.295 

24.772 

55.956 

2700.00 

119.568 

136.230 

24.777 

58.433 

2800.00 

115.377 

137.131 

24.782 

60.911 

2900.00 

116.192 

I3B.OOI 

24.785 

63.390 

3000.00 

116.885 

138.891 

24.789 

65.866 

3100.00 

1  17.606 

139.659 

24.792 

68.347 

3200.00 

1 16.308 

190.991 

24.795 

70.827 

3300.00 

1 18.990 

191.209 

24.798 

73.306 

3800.00 

119.659 

191.999 

24.800 

75.766 

3500.00 

120.301 

192.663 

24.803 

76.266 

3800.00 

120.932 

193.362 

24.805 

80.747 

3700.00 

121.598 

199.092 

24.806 

83.227 

3800.00 

122.198 

199.703 

24.808 

85.706 

3900.00 

122.735 

195.398 

24.810 

86. 189 

9000.00 

123.308 

195.976 

24.811 

90.670 

9100.00 

123.869 

196.588 

24.813 

93.151 

9200.00 

129.917 

197.  186 

24.814 

95.633 

9300.00 

129.953 

197.770 

24.815 

96.  1 14 

99C0.00 

125.978 

198.391 

24.816 

100.596 

9500.00 

125.992 

198.698 

24.817 

103.077 

98C0.00 

126.996 

199.999 

24.818 

105.559 

9700.00 

126.990 

199.976 

24.819 

106.041 

9800.00 

127.975 

150.500 

24.820 

110.523 

99CC.00 

127.950 

151.012 

24.821 

113.005 

5000.00 

128.916 

151.513 

24.822 

115.487 

SIC0.00 

126.879 

152.005 

24.822 

117.969 

5200.00 

129.323 

152.987 

24.823 

120.952 

5300.00 

129.765 

152.960 

24.824 

122.934 

5900.00 

130.199 

153.929 

24.624 

125.416 

5500.00 

130. 625 

153.879 

24.825 

127.899 

5800.00 

131.099 

IS9.327 

24.825 

IS0.38I 

5700.00 

131.957 

159.766 

24.826 

132.864 

5800.00 

131.862 

155. 198 

24.826 

135.346 

5900.00 

132.261 

155.622 

24.827 

137.829 

8000. OC 

132.659 

156.039 

24.827 

140.312 

-60 


THERMODYNAMIC  FUNCTIONS  OP  WI.(g) 
AH°  no  -  -384  KCAL/MOLE 


T 

8 

Cp  , 

Sm 

<°« 

(cal/aola  °K) 

(cal/aola  °K) 

(c«l/aol«  °fc) 

(kcai/aola) 

” JT77T5- 

85.CCC 

65.CCC 

24.719 

C 

3CC.CC 

85 . C  CC 

85.153 

24.794 

.046 

4C0.CC 

86. C  12 

42.7C2 

27.432 

2.676 

5CC.CC 

87.545 

46.969 

26.655 

5.487 

6CC.CC 

9C .  2  7  7 

1C4.258 

29.322 

8.389 

7CC.CC 

92.607 

ice.  en 

29.725 

11.343 

ecc  ,cc 

94.887 

112.798 

29.988 

14.329 

occ  .cc 

97.C77 

1 16 .341 

30.169 

17.336 

1CCC.CC 

94. 166 

114.527 

30.300 

20.361 

J l cc .cc 

101. 15C 

122.420 

3C.398 

23.397 

12CC.CC 

103. C35 

125. C68 

3C.473 

26.44C 

1  HC.CC 

104.625 

127.510 

30.532 

29.491 

I4CC.CC 

106.527 

124 . 774 

3C.S8C 

32.546 

I5CC.CC 

108. 146 

1  *  1.885 

3C.619 

35.606 

I6CC.CC 

109.644 

1  33.863 

3C.652 

3H.67C 

1  7CC.CC 

111.171 

1  35.722 

30.680 

41.737 

l*“CC  .cc 

112.584 

1  3  7.4  76 

3C.704 

44.806 

i9cc..:c 

113.438 

134.137 

3C.725 

47.877 

<CCC  .CC 

115.236 

14C  .713 

3C.743 

50.951 

acc.cc 

116.467 

142.214 

30.760 

54.026 

<2CC.CC 

11  7.669 

143.645 

30.774 

57.101 

i  ICC .cc 

118.646 

145. C13 

3C.787 

60.181 

acc.cc 

114.465 

146 . 324 

3C.799 

63.260 

aco.cc 

121. C45 

147.581 

3C.811 

66.341 

acc.cc 

122. C89 

146. 79C 

3C.821 

69.422 

i  7CC .CC 

123. ICC 

144.953 

3C.83C 

72.505 

<ecc.cc 

124. C74 

151. C75 

3C.B39 

79.588 

i9C0.CC 

125. C24 

152.157 

30.848 

78.673 

•ccc.cc 

125. 45C 

153.203 

30.655 

81.758 

ilCO.CC 

126.646 

154.215 

3C.86  3 

84.844 

i?CC.CC 

127.717 

155.155 

3C.87C 

B7.93C 

•3CC.CC 

126.564 

156 .145 

3C.877 

91.018 

•4CC.CC 

124.384 

157.067 

30.884 

94.106 

25CC.CC 

1 3C. 192 

157.962 

30.890 

97.194 

26CO.CC 

13C.476 

156.832 

30.896 

100.284 

•7C0.CC 

13I.74C 

155.675 

30.902 

103.374 

24CO  .CC 

1  32.466 

16C .503 

3C.508 

106.464 

•5CC.CC 

133.2  15 

161.3C6 

30.513 

109.565 

‘CCC.CC 

133.427 

162 .089 

3C.919 

112.647 

‘ICC.CC 

1  34.6  23 

162 .852 

30.524 

115.739 

‘2C0.cC 

135. 3C4 

163.557 

30.529 

118.831 

4 ICC.CC 

135.4  71 

164.325 

30.934 

121.926 

‘4CC.CC 

1  36.6  23 

165.037 

30.9  39 

125.018 

‘ 5C0  .CC 

l  37.262 

165.732 

3C.944 

128.113 

‘6CC.CC 

1  37.6  64 

166.412 

30.549 

131.207 

47CC.CC 

136. 5C3 

167.078 

30.954 

134.302 

‘ecc.cc 

134.1C5 

167.725 

3C.959 

137.398 

‘9C0.CC 

134.696 

166.366 

3C.963 

140.494 

ICCO.CC 

14C.275 

166.993 

30.568 

143.591 

21C0.CC 

14C.644 

165.607 

30.972 

146.688 

22CC.CC 

141. 4C3 

17C.2C8 

3C.977 

149.785 

i3CC.CC 

141.552 

17C.798 

30.981 

152.883 

i4C0.CC 

142.452 

171.377 

3C.586 

155.981 

t5C0.CC 

143. C22 

171.946 

3C.59C 

159. 08C 

i6CC.CC 

143.544 

172.504 

30.994 

162.179 

t7CC.CC 

144. C57 

173.053 

30.999 

165.279 

teco.cc 

144.561 

172.592 

31.003 

168.379 

t 9CC .CC 

145. C56 

174.122 

31.007 

171. 48C 

6CCC.CC 

145.547 

174.643 

31.CII 

174.581 

I 

I 


themoowumic  ruKTiOMt  or  w>2r2(i) 
AH®  „  •  -244  KUL/MU 


T 

<°*> 

*<r*H29a)/T 
(Cil/wlf  ®K) 

■ 

(eil/Mli  °K) 

CP  . 

(cal /mil  °R) 

"298 

(kcal/aola) 

296.1b 

74.000 

74.000 

16.303 

0 

iOO.OC 

74.000 

74.113  ' 

18.356 

.014 

400.00 

74.747 

79.685 

20.206 

1.975 

500.00 

76.210 

84.298 

21.077 

4.044 

6C0* CO 

77.691 

88. 18b 

2 1 .563 

6.178 

700.  OC 

79.607 

91.536 

21.867 

8.351 

SCO. 00 

81.265 

94.470 

22.074 

10.548 

900.00 

82.896 

97.079 

22.224 

1277ft 

1000.00 

84.435 

99.427 

22.340 

14.992 

1  ICO. 00 

85.896 

101.561 

22.432 

17.231 

1200. OC 

67.284 

103.516 

22.509 

19.478 

1300.00 

86.603 

105.320 

22.575 

21.732 

uco.oc 

69.856 

106.996 

22.633 

23.9V3 

I50C.CC 

91.053 

106.559 

22.686 

26.259  ’ 

I6CO.OC 

92.194 

110.025 

22.733 

28.530 

1700.00 

93.2H3 

II  1.404 

22.777 

30.805 

l«OC. CO 

94.327 

1 12. 707 

22.819 

33.065 

1900. OC 

95.327 

113.942 

22.858 

35.369 

2000.0C 

96.267 

1  15.  1 15 

27.896 

37.657 

2  ICO. 00 

97.211 

1  16.233 

72.932 

39.948 

22C0.0C 

96. 100 

117.301 

72.967 

42.243 

2 3U0.0C 

98.957 

1 lu.  323 

73.001 

44.54  1 

74C0.CC 

99. 764 

119. 302 

73.034 

46.843 

25C0.CC 

ICC. 584 

120.243 

23.067 

49. 148 

76C0.0C 

101.358 

121.  149 

73.099 

51.457 

27C0.0C 

102.107 

122.021 

73.131 

53.766  " 

28CC.0C 

102.633 

177. H63 

73.  16? 

56.083 

29CO.OC 

IC3.538 

123.676 

73.192 

56.400 

3000. OC 

104.727 

124.463 

73.275 

60.721 

3100.00 

104.668 

125.725 

23.253 

63.045 

3200.00 

105.535 

125.964 

75.283 

65.37? 

33C0.0C 

106.165 

126. 68C 

25.312 

67.701 

34CC.00 

106.779 

177.377 

75.  34? 

70.034 

35U0.0C 

107. 377 

178.054 

23.371 

77.370 

36CC.0C 

IC7.96C 

126.713 

73.400 

74.708 

370C.0C 

108.530 

12V. 554 

73.429 

77.050 

38CC.CC 

109.086 

129.97V 

25.458 

79.394 

390C.0C 

IC9.630 

130.589 

23.487 

81.74? 

40C0.C0 

1 1C. 161 

131.164 

73.516 

84.092 

4 IOO.OC 

1  1C. 661 

131.765 

73.544 

86.44‘j 

4200. CO 

1  1  1.  1  90 

132. 333 

25.573 

88.80 1 

4300. OC 

1  11.686 

137.886 

23.601 

91.159 

44CC.0C 

1  17.1 76 

133.431 

23.650 

93.521 

45CC.C0 

1  17.654 

133.962 

73.656 

95.e85 

46CO.OC 

1  1  J.  123 

134.462 

73.686 

98.25? 

4  7C0.CC 

113.583 

134.992 

23.715 

100.622 

48CO.OC 

1  14.034 

155.49? 

73.743 

102.995 

49CO.0C 

1  14.477 

135.962 

73.771 

105.371 

50C0.C0 

1  14.912 

136.462 

73.7V9 

107.750 

51C0.0C 

115.339 

136.934 

23.827 

110.131 

5200.00 

1  15.759 

137.397 

23.855 

112.515 

53C0.C0 

116.172 

157.851 

23.883 

t 14.902 

54C0.0C 

1 16.577 

156.298 

23.911 

117.29? 

5500. OC 

1 16.976 

138.737 

23.939 

119.684 

56C0.0C 

117.369 

139.168 

25.967 

122.079 

57C0.C0 

117.755 

139.593 

23.995 

124.477 

5HCG.CC 

118.135 

140.011 

74.023 

176.878 

5900. OC 

118.509 

140.421 

24.05 1 

129.262 

60CC.CC 

1 18.678 

140.626 

24.078 

131.688 

-62- 


THUMODYMMaC  FUNCTIONS  OF  WOFj(g) 
•  -96  KCAL/NOU 


T  -<F-Hm)/T 

<°K)  (ul/«li  °K) 

S 

(cal/aoU  °K> 

(cal/aola  °K) 

“m 

(kcai/aoU) 

296.  15 

7C.OOC 

70.000 

15.100 

0 

JCO.OC 

7C.0C0 

f 0,09k 

14.132 

.026 

4CC.CC 

7C.6IC 

74.626 

16.271 

1.606 

600.00 

71.795 

78.321 

16.811 

3.263 

600.00 

73.  167 

81.615 

17.117 

4.961 

70C.CC 

76.623 

86.069 

17.311 

6.663 

8CC.0C 

76.H64 

86.390 

17.446 

6.421 

900.00 

77.  160 

88.651 

17.567 

io;v7i 

IOOC.CC 

7H.376 

VC. 304 

17.626 

11.930 

1  ICC.OC 

79.6  37 

91.987 

17.691 

13.696 

I2CC.0C 

HO. 6  39 

93.529 

17.747 

15.467 

1300.00 

8I.6H6 

96.961 

17.796 

17.245 

UOO.OC 

H2.68I 

96.272 

17.860 

IV. 026 

I5CC.0C 

83.629 

9  7.504 

17.880 

20.612 

I60C.0C 

84.533 

98.659 

17.918 

22.602 

1  700.00 

85.396 

99.747 

17.954 

24.396 

I6CC.CC 

66.772 

100.  7  74 

17.988 

26.193 

I9CC.CC 

H7.0I4 

101.747 

18.021 

27.994 

70C0.0C 

6  7.7  74 

102.672 

18.052 

29.797 

2100. OC 

88.604 

10  3.554 

18.083 

31.606 

22C0.GC 

H9.20H 

106.396 

18.113 

33.414 

2 JCO.OC 

89.886 

105.202 

It.  143 

35.227 

26C0.CC 

90.54C 

106.974 

18.172 

37.C42 

75<'C .  00 

91. 1 72 

106.717 

18.200 

38.861 

26CC.CC 

9 1. 784 

107.631 

18.229 

40.682 

2  7C0.CC 

92.376 

108.  120 

l«.257 

42.507 

7HCC.CC 

92.951 

lOt  .  784 

18.284 

44.334 

2900. OC 

93.S08 

109.426 

18.312 

66. 164 

JOCO.OC 

94.049 

1  10.047 

l-,.339 

47.996 

i  ICC.OC 

94.676 

1  IO.c.4? 

18.566 

49.831 

32CC.0C 

96.086 

111.733 

18.393 

51.669 

JJOO.OO 

95.584 

111.799 

18.420 

53.510 

J4C0.0C 

96.069 

1  12. 34V 

18.447 

55.353 

J50C.0C 

96.642 

1  12.885 

18.473 

57.199 

J6CC.CC 

97. OC  3 

113.405 

18.500 

59.048 

3700.00 

97.463 

115.913 

18.526 

60.899 

JdOC.OC 

97.893 

1  14.607 

18.552 

62.753 

39CO.OC 

78.323 

1 14.889 

13.579 

64.610 

60CC.CC 

98.743 

1  15.560 

18.605 

66.469 

6100.00 

9  7.  154 

1  15.820 

18.631 

68.331 

62C0.0C 

99.656 

1  16.269 

18.657 

70.195 

6JCC.CC 

99.95C 

1  16.708 

18.683 

72.062 

66CC.0C 

ICC.  3  35 

117.158 

18.709 

73.932 

6500.0C 

100.713 

117.559 

18.735 

75.804 

66C0.0C 

101. 084 

1  17.971 

16.761 

77.679 

67CO.OC 

101.648 

1 18. 375 

18.767 

79.556 

68C0.0C 

101. 8C5 

1 18.770 

16.815 

81.436 

6900.00 

107.155 

1 19. 159 

16.839 

83.319 

5000. OC 

IC2.499 

1 19.539 

ln.865 

85.204 

5  ICC.OC 

102.836 

119.913 

16.891 

87.092 

52CO.OC 

1C  3. 1 68 

I2C.780 

18.916 

88.982 

5300.00 

103.695 

120.641 

16.962 

90.875 

56CC.0C 

IC3.HIS 

120.995 

18.968 

92.771 

55CC.0C 

IC6. 1 31 

121.346 

18.996 

94.669 

66CC.0C 

IC6.64I 

121.686 

19.020 

96.569 

5  700. OC 

104.747 

122.023 

19.045 

98.473 

58C0.0C 

105.048 

122.354 

19.071 

100.378 

59CC.CC 

ICS. 346 

122.681 

19.097 

102.287 

6CCC.0C 

106. 635 

123.002 

19.122 

104.198 

-63- 


ACRONUTKONIC  DIVISION 


THERMODYNAMIC  r UNCTIONS  Of  VC/e 


AH 


1298 


-9.7  KCAL/MOU 


T 

-<F-Hm)/T 

s 

c 

p 

g* 

"298 

(°!Q 

(cal/aol*  °K) 

(c«l/ao!«  0O 

(e«l/aolt  K) 

(kcal/aoli 

298.18 

8.800 

8.800 

7.838 

0 

100.00 

8.800 

8.849 

7.879 

.015 

400.00 

8.812 

11.063 

9.466 

.892 

SCO. 00 

9.804 

13.269 

10.287 

1.882 

600.00 

10.298 

18.184 

10.734 

2.914 

700.00 

11.116 

16.868 

11.064 

4.024 

•CO. 00 

11.910 

18.389 

11.318 

5.144 

900.00 

12.720 

19.704 

11.820 

6.286 

1000.00 

11.481 

20.927 

11.696 

7.447 

1100.00 

14.209 

22.080 

11.884 

8.624 

1200.00 

14.906 

23.087 

11.999 

9.817 

1100.00 

18.871 

24.083 

12.136 

11.024 

1400.00 

16.212 

24.987 

12.268 

12.244 

1800.00 

16.823 

28.808 

12.391 

11.477 

1600.00 

17.410 

26.612 

12.812 

14.722 

1700.00 

17.974 

27.374 

12.631 

15.979 

1 SCO. 00 

18.817 

28.099 

12.747 

17.248 

1900.00 

19.019 

28.791 

12.867 

18.829 

2000.00 

19.844 

29.484 

12.978 

19.820 

2100.00 

20.011 

30.089 

11.087 

21.123 

2200.00 

20.802 

30.701 

13.198 

22.418 

2100.00 

20.988 

31.290 

13.108 

23.761 

2400.00 

21.401 

11.889 

11.418 

25.099 

2800.00 

21.810 

12.409 

13.827 

26.447 

2600.00 

22.247 

32.941 

13.616 

27.805 

2700.00 

22.683 

33.488 

11.744 

29.174 

2800.00 

23.048 

33.960 

13.882 

10.554 

2900.00 

23.432 

34.448 

11.960 

31.944 

1000.00 

23.808 

14.921 

14.067 

33.346 

UC0.00 

24.174 

38.186 

14.174 

14.758 

1200.00 

24.894 

40.841 

14.500 

51.990 

1100.00 

28.C93 

41.287 

14.500 

53.440 

14CO.OO 

28.878 

41.720 

14.500 

54.890 

1800.00 

26.041 

42.140 

14.500 

56.140 

1600.00 

26.496 

42.848 

14.500 

57.790 

1700.00 

26.938 

42.946 

14.500 

59.240 

28C0 .00 

27.361 

43.312 

14.500 

60.690 

1900.00 

27.776 

43.709 

14.500 

62.140 

40C0.00 

28.179 

44.076 

14.500 

61.590 

4100.00 

28.871 

44.414 

14.500 

65.040 

4200.00 

28.983 

44.784 

14.500 

66.490 

4100.00 

29.328 

48.128 

14.500 

67.940 

4400.00 

29.688 

48.488 

14.500 

69.390 

4800.00 

30.042 

48.784 

14.800 

70.840 

4600.00 

30.387 

46. 103 

14.500 

72.290 

47CO.OO 

10.728 

46.418 

14.500 

73.740 

48CO.OO 

31.088 

46.720 

14.500 

75.190 

4900.00 

31.378 

47.019 

14.500 

76.640 

8000.00 

31.694 

47.312 

14.500 

78.090 

8100.00 

32.003 

47.899 

14.500 

79.540 

8200.00 

32.108 

47.880 

14.500 

•0.990 

8100.00 

32.602 

48.187 

14.500 

82.440 

8400.00 

32.892 

48.428 

14.800 

81.890 

88CO.OO 

31.177 

48.694 

14.500 

85.340 

8600.00 

33.487 

48.988 

14.500 

86.790 

8700.00 

31.711 

49.212 

14.500 

88.240 

8800.00 

34.000 

49.464 

14.500 

•9.690 

89C0.00 

14.264 

49.712 

14.500 

91.140 

COuO.OO 

34.824 

49.988 

14.500 

92.590 
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THEtMOOYHAMIC  FUNCTIONS  OF  Wl/c 


AH 


o 

f  298 


-13.5  KCAL/MOU 


T 

'(r'H298)/T 

s 

c 

p  _ 

„T 

"298 

(°« 

(ctl/aol*  °K) 

(cal/aol*  °K) 

(cal/nole  °K) 

248.15 

7.670 

7.6  70 

8.378 

0 

ICO. 00 

7.670 

7.522 

8.637 

.01* 

6U0.00 

7.831 

1C. 273 

10.692 

.977 

500.00 

8.571 

12.728 

11.636 

2.078 

600.00 

9.665 

16.861 

11.938 

3.269 

700.00 

10.355 

16.726 

12.236 

6.659 

•00.00 

11.256 

18.373 

12.626 

5.693 

900.00 

12.130 

19.866 

12.567 

6.962 

1000.00 

12.969 

21.170 

12.631 

8.201 

1100.00 

13.770 

22.377 

12.689 

9.667 

1200.00 

16.536 

23.683 

12.729 

10.738 

1300.00 

15.262 

26.503 

12.756 

12.013 

1600.00 

15.957 

25.669 

12.775 

13.289 

1500.00 

16.614 

26.331 

12.787 

16.567 

1600.00 

17.252 

27.156 

12.793 

15.866 

1700.00 

17.858 

27.932 

12.796 

17.126 

1600.00 

18.638 

28.663 

12.796 

18.606 

1900.00 

18.995 

29.358 

12.896 

19.690 

2000.00 

19.530 

3C.022 

12.986 

20.986 

2100.00 

20.066 

30.657 

13.076 

22.287 

2200.00 

20.561 

31.268 

13.166 

23.599 

2300.00 

21.020 

31.855 

13.255 

26.920 

2600.00 

21.683 

32.621 

13.365 

26.250 

2500.00 

21.932 

32.967 

13.635 

27.589 

2600.00 

22.366 

33.696 

13.525 

28.937 

2700.00 

22.788 

36.008 

13.615 

30.296 

2800.00 

23.198 

36.505 

13.706 

31.660 

2900. OC 

23.596 

36.988 

13.796 

33.035 

J0C0.00 

23.986 

35.657 

13.B86 

36.619 

3  ICO .00 

26.361 

35.916 

13.976 

35.812 

3200.00 

26.839 

61.358 

16.000 

52.862 

3300.00 

25.366 

61.789 

16.000 

56.262 

3600.00 

25.835 

62.207 

16.000 

55.662 

35CO.OO 

26.309 

62.613 

16.000 

57.062 

3600.00 

26.767 

63.007 

16.000 

58.662 

3700.00 

27.212 

63. 391 

16.000 

59.862 

38C0.00 

27.662 

63.766 

16.000 

61.262 

39C0.00 

28.060 

66.128 

16.000 

62.662 

6000.00 

28.666 

66.682 

16.000 

66.062 

61C0.00 

28.861 

66.828 

16.000 

65.662 

6200.00 

29.265 

65.165 

16.000 

66.862 

6300.00 

29.620 

65.696 

16.000 

68.262 

66C0.00 

29.986 

65.816 

16.000 

69.662 

65C0.00 

30.  339 

66.131 

16.000 

71.062 

66C0.00 

30.686 

66.639 

16.000 

72.662 

6700.00 

31.C26 

66.760 

16.000 

73.862 

68C0.00 

31.355 

67.036 

16.000 

75.262 

6900.00 

31.678 

67.323 

16.000 

76.662 

5000.00 

31.996 

67.606 

16.000 

78.062 

5100.00 

32.302 

67.883 

16.000 

79.662 

52CO.OO 

32.605 

68.155 

16.000 

•0.862 

5300.00 

32.901 

68.622 

16.000 

82.262 

5600.00 

33. 190 

68.683 

16.000 

•3.662 

55C0.00 

33.676 

68.960 

16.000 

85.062 

5600.00 

33.753 

69.193 

16.000 

•6.662 

5700.00 

36.026 

69.660 

16.000 

•  7.862 

5800.00 

36.296 

69.686 

16.000 

•9.262 

5900.00 

36.557 

69.923 

16.000 

90.662 

tOCO. 00 

36.815 

5C.168 

16.000 

92.062 
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ACftONUTItONIC  OIVlfclON 


TMEIMODYNAMIC  FUNCTIONS  Of  Hi  (ft) 
AH°298  >  145.5  KCAL/NOU 


T 

(°W 

-(F-Nj,,)^ 
(cal/aola  °N) 

S 

(cal/aola  °M 

(cal/aola  *) 

"298 

(kcal/aoli 

298.15 

44.645 

44.645 

4.972 

0.000 

100 

44.645 

44.675 

4  973 

0.009 

400 

44.840 

46.110 

5.010 

0.508 

500 

45.211 

47.237 

5.114 

1.013 

600 

45.629 

48.184 

5.285 

1.533 

700 

46.055 

49.015 

5.500 

2.072 

800 

46.472 

49.764 

5.734 

2.634 

900 

46.877 

50.453 

5.970 

3.219 

1000 

47.267 

51.094 

6.196 

3.827 

1100 

47.642 

51.695 

6.407 

4.458 

1200 

48.004 

52.260 

6.596 

5.108 

1500 

48.352 

52.795 

6.763 

5.776 

1400 

48.688 

53.302 

6.906 

6.460 

1500. 

49.011 

53.782 

7.026 

7.157 

1600 

49.324 

54.239 

7.123 

7.864 

1700 

49.626 

54.673 

7.201 

8.581 

1800 

49.918 

55.087 

7.260 

9.304 

1900 

50.200 

55.481 

7.305 

10.032 

2000 

50.474 

55.856 

7.338 

10.764 

2100 

50.739 

56.215 

7.361 

11.499 

2200 

50.996 

56.558 

7.378 

12.236 

2300 

51.245 

56.886 

7.391 

12.975 

2400 

51.486 

57.201 

7.401 

13.714 

2500 

51.721 

57.503 

7.411 

14.455 

2600 

51.949 

57.794 

7.423 

15.197 

2700 

52.171 

58.074 

7.436 

15.940 

2800 

52 . 386 

58.345 

7.453 

16.684 

2900 

52.596 

58.607 

7.474 

17.430 

3000 

52.801 

58.861 

7.499 

18.179 

3100 

53.000 

59.107 

7.530 

18.930 

3200 

53.195 

59.347 

7.565 

19.685 

3300 

53.385 

59.580 

7.606 

20.444 

3400 

53.571 

59.808 

7.653 

21.207 

3500 

53.752 

60.030 

7.704 

21.974 

3600 

53.929 

60.248 

7.761 

22.748 

3700 

54.103 

60.462 

7.822 

23.527 

3800 

54.273 

60.671 

7.889 

24.312 

3900 

54.440 

60.877 

7.959 

25.105 

4000 

54.603 

61.079 

8.033 

25.904 

4100 

54.764 

61.279 

8.111 

26.711 

4200 

54.921 

61.475 

8.191 

27.526 

4300 

55.076 

61.669 

8.275 

28.350 

4400 

55.228 

61.860 

8.360 

29.181 

4500 

55.377 

62.049 

8.448 

30.022 

4600 

55.524 

62.235 

8.537 

30.871 

4700 

55.669 

62.420 

8.627 

31.729 

4800 

55.812 

62.603 

8.717 

32.596 

4900 

55.952 

62.783 

8.808 

33.473 

5000 

56.091 

62.962 

8.898 

34.358 

5100 

56.227 

63.139 

8.988 

35.252 

5200 

56.362 

63.315 

9.078 

36.156 

5300 

56.494 

63.488 

9.166 

37.068 

5400 

56.626 

63.661 

9.252 

37.989 

5500 

56.755 

63.831 

9.337 

38.918 

5600 

56.883 

64.000 

9.419 

39.856 

5700 

57.009 

64.167 

9.500 

40.802 

5800 

57.134 

64.333 

9.578 

41.756 

5900 

57.258 

64.498 

9.653 

42.717 

6000 

57.380 

64.661 

9.725 

43.686 
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As“j„  •  0  KCAL/NOU 


(°K) 

Icil/ioU  °W 

(eil/aoU  °tt 

<kcal/aola> 

298. IS 

10.666 

10.666 

6.225 

0.000 

100 

10.666 

10.705 

6.226 

0.012 

400 

10.907 

12.504 

6.345 

0.639 

500 

11.177 

13.936 

6.466 

1.280 

600 

11.906 

15.127 

6.583 

1.932 

700 

12.442 

16.151 

6.701 

2.596 

800 

12.963 

17.054 

6.815 

3.272 

900 

13.464 

17.863 

6.925 

3.959 

1000 

13.941 

18.599 

7.045 

4.658 

1100 

14.396 

19.276 

7.164 

5.368 

1200 

14.829 

19.904 

7.284 

6.090 

1100 

15.242 

20.492 

7.399 

6.825 

1400 

15.617 

21.045 

7.518 

7.570 

1500 

16.015 

21.568 

7.640 

8.328 

1600 

16.378 

22.065 

7.765 

9.099 

1700 

16.727 

22.539 

7.885 

9.881 

1800 

17.062 

22.993 

8.005 

10.671 

1900 

17.386 

23.429 

8.126 

11.482 

2000 

17.699 

23.849 

8.248 

12.301 

2100 

18.027 

25.066 

8.378 

14.782 

2200 

18.356 

25.459 

8.501 

15.626 

2200 

18.673 

25.840 

B.623 

16.482 

2400 

18.980 

26.212 

8.745 

17.358 

2500 

19.280 

28.769 

8.000 

23.721 

2600 

19.651 

29.083 

8.000 

24.521 

2700 

20.006 

29.385 

8.000 

25.321 

2800 

20.346 

29.676 

8.000 

26.121 

2900 

20.673 

29.956 

8.000 

26.921 

1000 

20.987 

30.227 

8.000 

27.721 

3100 

21.289 

30.490 

8.000 

28.521 

3200 

21.581 

30.744 

8.000 

29.321 

1300 

21.862 

30.990 

8.000 

30.121 

3400 

22.134 

31.229 

8.000 

30.921 

1500 

22.397 

31.461 

8.000 

31.721 

1600 

22.652 

31.686 

8.000 

32.521 

3700 

22.899 

31.905 

8.000 

33.321 

3800 

23.139 

32.119 

8.000 

34.121 

3900 

23.372 

32.326 

8.000 

34.921 

4000 

23.599 

32.529 

8.000 

35.721 

4100 

23.819 

32.727 

8.000 

36.521 

4200 

24.033 

32.919 

8.000 

37.321 

4300 

24.242 

33.108 

8.000 

38.121 

4400 

24.446 

33.291 

8.000 

38.921 

4500 

24.644 

33.471 

8.000 

39.721 

4600 

24.838 

33.647 

8.000 

40.521 

4700 

25.027 

33.819 

8.000 

41.321 

4800 

25.212 

33.988 

8.000 

42.121 

4900 

25.393 

34.152 

8.000 

42.921 

5000 

25.570 

34.314 

8.000 

43.721 

5100 

25.743 

34.473 

8.000 

44.521 

5200 

25.912 

34.628 

8.000 

45.321 

5300 

26.078 

34.780 

8.000 

46.121 

5400 

26.241 

34.930 

8.000 

46.921 

5500 

26.400 

35.074 

8.000 

47.721 

5600 

26.554 

35.218 

8.000 

48.521 

5700 

26.707 

35.360 

8.000 

49.321 

5800 

26.857 

35.499 

8.000 

50.121 

5900 

27.005 

35.636 

8.000 

50.921 

6000 

27.150 

35.770 

6.000 

51.721 
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ACRONUTRONIC  DIVISION 


THERMODYNAMIC  FUNCTION)  Of  HfO({) 
AH®,.,  -30.0  KCAL/MOU 


T 

8 

c 

p  * 

T 

(°K) 

(Ctl/pol*  °W 

(ciI/roIi  °K> 

(°I0 

2911.13 

96.197 

56.357 

7.462 

0 

103.00 

96.397 

56.40) 

7.470 

.014 

403 .00 

96.699 

58.606 

7.049 

.710 

900.00 

57.229 

60.390 

8.1)1 

1.5)0 

633.00 

97.884 

61.890 

8.326 

2.4)4 

ruo.oc 

98.991 

61.185 

8.465 

).  264 

BOD. 30 

59.203 

64.122 

8.564 

4.396 

903 .00 

59.829 

65. 335 

8.6)5 

4.936 

1303.00 

90.426 

66.248 

8.699 

5.022 

1130.00 

50.994 

67.078 

8.7)3 

6.69) 

1233.30 

51.533 

67.839 

8.762 

7.566 

1)03.00 

52.045 

68.542 

8.798 

5.465 

1403.00 

52.51) 

69.194 

8.838 

9.325 

1903.00 

52.997 

69.802 

8.825 

13.237- 

1603.00 

53.441 

70. 172 

6.8)9 

11.390 

1703.00 

53.864 

70.908 

8.853 

11.974 

1803.00 

64.270 

71.414 

8.860 

12.663 

1903.00 

54.659 

71.893 

6.858 

13.766 

2303.00 

65.032 

72.348 

8.875 

14.6)3 

2103.00 

65.391 

72.782 

6.891 

15.521 

2203.00 

65.7)6 

73.195 

8.837 

16.413 

2303.00 

66.069 

73.590 

6.891 

17.299 

2403.00 

66.390 

73.969 

8.895 

18.1)8 

2903.00 

66.701 

74.3)2 

8.899 

19.378 

2603.00 

67.001 

74.681 

8.932 

19.958 

2700.00 

67.292 

75.017 

6.935 

23.950 

2803.00 

67.573 

75.341 

8.931 

21.769 

2903.00 

67.847 

75.653 

8.910 

22.660 

3003.00 

68.112 

75.955 

8.912 

23.5)1 

3133.00 

58. 370 

76.248 

8.914 

24.422 

3203.00 

68.620 

76.531 

8.916 

25.314 

3303.00 

68.864 

76.805 

8.917 

25.235 

3403.00 

69.102 

77.071 

8.919 

27.397 

3903.00 

69.  333 

77.330 

8.923 

27.9)9 

3603.00 

59.559 

77.581 

8.921 

28.8)1 

3703.00 

69.779 

77.826 

8.922 

29.77) 

3803.00 

69.994 

78.064 

8.923 

33.666 

3903.00 

70.204 

78.295 

8.924 

31.558 

4003.00 

70.409 

78.521 

8.925 

32.6)0 

4103.00 

70.609 

78.742 

8.926 

33.34) 

4203.00 

70.806 

78.957 

8.927 

34.2)6 

4303.00 

70.998 

79.167 

8.928 

35.120 

4403.00 

71.186 

79.172 

8.929 

36.021 

4903.00 

71.370 

79.57) 

8.929 

36.914 

4603.00 

71.550 

79.769 

8.929 

37.0)7 

4703.00 

71.727 

79.961 

8.930 

38.7)0 

4803.00 

71.901 

80.149 

8.9)1 

39.593 

4903.00 

72.071 

80.33) 

8.931 

43.4)6 

9003.00 

72.238 

60.514 

6.9)1 

41.379 

9103.00 

72.402 

80.691 

8.9)2 

42.272 

9203.00 

72.56) 

80.864 

8.9)2 

43.156 

9303.00 

72.721 

81.034 

8.9)3 

44.05* 

9403.00 

72.877 

81.201 

8.9)3 

44.352 

99O3.00 

73.0)0 

81.165 

6.9)3 

45.665 

9603.00 

7). 180 

81.526 

8.9)4 

66.7)9 

9703.00 

73. )20 

01.684 

8.9)4 

47.6)2 

9803.00 

73.47) 

61.840 

6.9)4 

48.526 

9993.00 

7). v>16 

61.992 

8.9)5 

49.419 

6903.00 

73.757 

82.142 

0.9)5 

53.312 
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A  E  RON  U  TRONIC  DIVISION 


nEMeomuac  ruenons  or  KfOj(g) 


A  8°  .  •  •  *s  KCAL/NOU 


T 

<°K) 

*(f'“j9i)/T 
(cAl/aola  °K) 

8 

(c«l/«U  °E> 

s 

(ul/Hli  °81 

298.15 

60.491 

60.451 

11.511 

0 

J0J.00 

50.49] 

60.524 

11.132 

.021 

403.00 

60.917 

63.977 

12.465 

1.224 

900.00 

61.823 

66.832 

13.115 

2.5)5 

603.00 

52.866 

69.265 

13.537 

3.860 

703.00 

63.914 

71.179 

13.853 

5.212 

•03.00 

64.984 

71.245 

14.079 

6.6)9 

900.00 

69.996 

74.911 

14.236 

8.026 

1003.00 

66.964 

76.420 

14.354 

9.436 

1103.00 

67.887 

77.792 

14.443 

10.893 

1203.00 

58. 766 

79.052 

14.513 

12.143 

1303.00 

69.602 

80.216 

14.558 

13.798 

1403.00 

70.399 

81.297 

14.613 

15.237 

1403.00 

71.160 

82.307 

14.669 

16.720 

1603.00 

71.887 

83.251 

14.679 

18.116 

1703.00 

72.982 

84.144 

14.7)4 

19.655 

1603.00 

73.247 

84.985 

14.725 

21.127 

1900.00 

73.886 

85.781 

14.743 

22.5)0 

2003.00 

74.500 

86.538 

14.758 

24.075 

2103.00 

75.091 

87.258 

14.772 

25.532 

2203.00 

75.660 

87.946 

14.753 

27.030 

2303.00 

76.208 

88.601 

14.793 

28.5)9 

2403.00 

76. 718 

89.233 

14.8)2 

29.938 

2900.00 

77.290 

89.837 

14.810 

31.459 

2603.00 

77.745 

90.418 

14.817 

32.950 

2700.00 

78.225 

90.978 

14.823 

34.432 

2803.00 

78.690 

91.517 

14.829 

35.915 

2903.00 

79.141 

92.037 

14.834 

37.398 

3003.00 

79.580 

92.540 

14.839 

38.832 

3100.00 

90.006 

91.027 

14.843 

4).  156 

3203.00 

80.420 

93.498 

14.846 

41.830 

3303.00 

90.823 

93.955 

14.850 

43.335 

3403.00 

81.216 

94.398 

14.853 

44.820 

3903.00 

81.599 

94.829 

14.836 

46.3)6 

3603.30 

91.972 

95.248 

14.858 

47.791 

3703.00 

92.336 

96.655 

14.851 

43.277 

3803.00  ' 

82.692 

96.051 

14.853 

53.754 

3900.00 

93.040 

96.437 

14.855 

52.250 

4003.00 

93. 379 

96.814 

14.857 

53.737 

4103.00 

93.712 

97.181 

14.859 

55.223 

4203.00 

84.036 

97.539 

14.870 

56,710 

4300.00 

84. 355 

97.889 

14.872 

58.197 

4403.00 

94.666 

98.231 

14.873 

59.535 

4903.00 

84.971 

98.565 

14.875 

61.172 

4603.00 

95.270 

98.892 

l«#.876 

62.653 

4703.00 

95.564 

99.212 

14.877 

66.147 

4803.00 

95.851 

99.525 

14.878 

55.536 

4903.00 

86.133 

99.812 

14.879 

67.123 

5003.00 

96.410 

100.113 

14.850 

63.611 

5100.00 

96.682 

100.427 

14.831 

70.099 

5203.00 

96.949 

100.716 

14.832 

71.537 

5303.00 

97.212 

101.000 

14.833 

73.376 

5403.00 

97.470 

101.278 

14.834 

74.554 

9500.00 

87.721 

101.551 

14.834 

75.032 

9603.30 

97.973 

101.819 

14.833 

77.341 

5703.00 

98.218 

102.083 

14.816 

79.029 

5803.00 

88.499 

102.342 

14.886 

80.518 

5903.00 

•8.697 

102.596 

14.837 

82.037 

6003.00 

98.930 

102.846 

14.838 

83.495 
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ACRONUTNONIC  DIVISION 


THtwoomMic  nmcrioM  or  iMOj/c 

4H°29#  •  -266.1  KQU./M0U 


T 

’(,’*298>/T 

S 

c 

p 

■mrnTlMl 

ihTMiImI 

BmfFimi 

298.16 

14.180 

14.180 

14.095 

400.00 

l4.iao 

14.267 

14.147 

400.00 

14.762 

18.662 

16.047 

600.00 

14.916 

22.429 

17.0)8 

600.00 

17.246 

25.495 

17.671 

700.00 

18.6)4 

28.256 

18.166 

ICO. 00 

19.992 

40.70) 

18.510 

900.00 

21.107 

42.902 

18.862 

1000.00 

22.668 

44.901 

19.122 

1100.00 

24.774 

66.746 

19.690 

1200.00 

24.926 

38.465 

19.644 

1600.00 

26.026 

4C.017 

19.888 

1400.00 

27.079 

41.499 

20.124 

1400.00 

28.087 

42.895 

20.655 

1600.00 

29.044 

44.216 

20.582 

17C0.00 

29.98) 

45.471 

20.806 

18C0.00 

40.877 

46.666 

21.027 

1900.00 

41.749 

47.809 

21.246 

2000.00 

62.670 

48.904 

21.46) 

2100.00 

11.37) 

49.957 

21.679 

2200.00 

44.150 

50.970 

21.800 

2600.00 

14.902 

51.969 

21.800 

2400.00 

44.662 

52.867 

21.800 

2600.00 

46.349 

54.757 

21.800 

2600.00 

47.024 

54.612 

21.800 

27CO.OO 

67.692 

55.445 

21.800 

28C0.00 

38.340 

56.228 

21.800 

2900.00 

38.970 

-  56.996 

21.800 

6000 .00 

69.584 

57.742 

21.800 

3100.00 

40.180 

58.446 

21.800 

3200.00 

40.818 

65.162 

21.800 

3400.00 

41.565 

65.806 

21.800 

3400.00 

42.288 

66.454 

21.800 

3600.00 

42.987 

67.086 

21.800 

3600.00 

44.665 

67.700 

21.800 

3700.00 

44.321 

68.297 

21.800 

3800.00 

44.961 

68.879 

21.800 

3900.00 

45.582 

69.445 

21.800 

4000.00 

46.186 

69.997 

21.800 

4100.00 

46.776 

70.565 

21.800 

4200.00 

47.345 

71.060 

21.800 

4600.00 

47.902 

71.574 

21.800 

4400.00 

48.446 

72.075 

21.800 

4600.00 

48.977 

72.564 

21.800 

46C0.00 

49.495 

76.044 

21.800 

4700.00 

50.001 

76.512 

21.800 

4800.00 

50.495 

73.971 

21.800 

4900.00 

50.979 

74.421 

21.800 

6000.00 

41.452 

74.861 

21.800 

6100.00 

51.916 

75.294 

21.800 

6200.00 

52.369 

75.716 

21.800 

6100.00 

52.114 

74.1)2 

21.800 

6400.00 

54.249 

76.5)9 

21.800 

6600.00 

56.676 

76.969 

21.800 

4600.00 

64.095 

77.442 

21.800 

6700.00 

54.506 

77.718 

21.800 

4800.00 

54.910 

78.097 

21.800 

4900.00 

55.306 

78.470 

21.800 

6000.00 

55.695 

78.8)4 

21.800 

"iM 

0 

•  024 
1.546 
6.207 

4.444 
6.714 
0. 464 

10.446 
12.414 

14.249 
16.211 
ia.ua 
20.ua 
22.214 

24.249 
26.429 
2B. 420 

40.444 
42.670 
44.027 
47.004 
49.  U4 
41.464 

41.444 
44.724 
47.904 
40.084 
42.264 

44.444 
46.624 
77.804 
79.986 
82.166 

84.446 

86.426 
88.706 
90.886 
91.064 
96.246 

97.426 
99.606 

101.786 

106.966 

106.146 

10a.626 

t 10.406 
112.684 
114.664 
117.044 
119.226 
121.406 
121. 486 
126.764 
127.946 
140.124 
142.404 
114.484 
146.666 
118.844 
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ACNONUTROMIC  DIVISION 


THEIMOOVI^MIC  TOCTIOM  Of  HfCl(s) 
AH°  .  •  -1  * CAL /MOLE 


T 

<°« 

■(r*Hm)/T 
(c<l/*ol«  °E) 

S 

(cal/aol*  °K) 

Cf 

<C0l/*oli  °K) 

■  * 

"2H 

fltcol/aoU) 

248.  15 

6I.74C 

61.740 

8.464 

0 

3CC.CC 

6I.74C 

61.793 

6.469 

.016 

4LC.CC 

62.075 

64.258 

6.657 

.875 

5CC.CC 

62.713 

66.201 

6.754 

1.744 

6CC.CC 

6  3.4  32 

67.602 

6.809 

2.623 

7CC.CC 

64.156 

69. 163 

6.845 

3.505 

bCC.CC 

64.S57 

70.346 

8.866 

4.391 

4CC.CC 

65.526 

71.391 

6.882 

5.276 

ICCC.CC 

66. I6C 

72.327 

8.893 

6.167 

1  ICC.CC 

66.76C 

73.175 

8.902 

7.057 

I2CC.CC 

67.327 

73.950 

6.908 

7.947 

I5CC.CC 

67.865 

74.663 

6.913 

6.856 

I4CC.CC 

66.574 

75.324 

6.917 

9.750 

I5CC.CC 

6b. *56 

75.939 

6.920 

10.622 

ICCC.CC 

69.319 

76.515 

6.923 

11.514 

I7CC.CC 

<9.756 

77.056 

8.925 

12.406 

iscc.cc 

7 C  •  1  76 

77.566 

6.927 

15.299 

I9CC.CC 

rc.sec 

7*1. C49 

6.929 

14.192 

2CCC.CC 

7C. 965 

76.507 

6.930 

IS. CO 5 

2  ICC.CC 

71.334 

76.943 

6.951 

15.97b 

22CC.CC 

7I.69C 

79.358 

6.952 

16.8/1 

23CC.CC 

72 .C  32 

79.755 

8.933 

17.764 

24CC.CC 

72. 361 

ttl.  135 

t  .934 

lb. 657 

25CC.CC 

72.6eC 

80.500 

8.934 

19.851 

26CC.CC 

72.967 

60.651 

6.935 

70.444 

27CC.CC 

73.285 

HI.  166 

8.936 

21.336 

2tCC.CC 

73.5/3 

61.513 

6.956 

22.231 

24CC.CC 

73.852 

61.626 

8.936 

23.125 

■CCC.CC 

74.123 

82. 129 

8.937 

24.019 

3ICC.CC 

74.366 

62.622 

8.937 

24.912 

32CC.CC 

74.642 

82.700 

8.958 

25.606 

33CC.CC 

74.H9C 

62.981 

8.938 

26.700 

3nCC.CC 

75.132 

65.246 

6.958 

27.594 

35tC.CC 

75.  366 

65.507 

6.938 

76.466 

;occ.cc 

75.597 

65.  759 

6.939 

29.381 

37CC.CC 

75.821 

64.C04 

8.939 

30.275 

3tCC.CC 

76.C4C 

66.242 

6.93V 

31.169 

34CC.CC 

76.253 

64.474 

6.939 

32.063 

4CCC.CC 

76.46  1 

64.701 

6.939 

32.957 

4  ICC.CC 

76.665 

84.921 

6.939 

33.651 

42CC.CC 

76.864 

65. 157 

6.940 

34. 745 

43CC.CC 

77.059 

85.347 

6.940 

35.634 

44CC.CC 

77.25C 

1.5*553 

6.9<*C 

>6.533 

45CC.CC 

77.436 

65.754 

8.940 

57.427 

46CC.CC 

77.619 

05.950 

o.94C 

36.3a  1 

47CC.CC 

77.794 

66.  142 

b  .940 

39.2  15 

46CC.CC 

77.975 

66.331 

6.940 

40 . ICS 

44CC.CC 

7e.  147 

60.515 

6.940 

4I.CC3 

5CCC.CC 

76.316 

86.695 

6.94C 

41.697 

5  ICC.CC 

76.462 

66.873 

H.94C 

42.791 

5aCC.CC 

76.645 

67.046 

6.941 

43.665 

53CC.CC 

76.805 

67.216 

8.94  1 

44.579 

S4CC.CC 

76.963 

87.384 

6.94  1 

45.475 

S5CC.CC 

79. 117 

67.548 

6.941 

46.367 

56CC.CC 

79.269 

67.709 

6.941 

47.261 

S7CC.CC 

79.4  19 

67.867 

6.94  1 

46.155 

SfcCC.CC 

79.566 

68.022 

6.94  1 

49.049 

S4CC.0C 

79.  7  1C 

66.175 

6.94  1 

49.943 

6CCC.CC 

79.853 

6b. 326 

8.941 

5C.636 
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DIVISION 


TWmOOYlUMIC  P UNCTIONS  OP  HfClj(*) 
£H°  •  -84  KCAL/NOl* 


T 

-(r-Hm)/T 

S 

c 

p 

u* 

*9$ 

(°IO 

(cal/ool*  °K) 

teal /sol*  °K) 

fcal/aoU  K) 

2S8. 15 

TC. INC 

7C. 160 

15.905 

c 

iCC.CC 

70.161 

7U.226 

15.915 

.026 

ucc.cc 

7C.692 

76.290 

16.310 

1.639 

scc.cr 

71.765 

77.507 

16.511 

2.881 

6CC.CC 

72.933 

6C. 166 

14.626 

6.339 

7CC.CC 

76.131 

82.625 

16.696 

5.605 

6CC.CC 

75.296 

66.391 

16.765 

7.276 

9CC.CC 

76*603 

66. 129 

14.778 

e.754 

ICCC.CC 

77.655 

87.687 

14.801 

1C. 235 

1  ICC.CC 

76.65C 

69.099 

16.619 

11.716 

I2CC.CC 

79.392 

90.369 

lu.632 

13.197 

I3CC.CC 

6C.2d6 

91.577 

16.643 

I6.68C 

16CC.CC 

61.131 

9, .677 

14.851 

16 • 165 

15CC.CC 

61.935 

93. 702 

16.656 

17.651 

I6CC.CC 

C2.7CI 

96.661 

16.864 

19.137 

I7CC.CC 

63.631 

99.562 

16.666 

20.623 

I6CC.CC 

66.  M9- 

96.612 

14.672 

22. IIC 

1vCC.CC 

66.797 

97.216 

14.675 

23.596 

2CCC.CC 

65.637 

97.979 

14.878 

25. CoS 

2  ICC.CC 

66.C51 

98.705 

lw.881 

26.573 

22CC.CC 

66.663 

99. 39b 

16. ®03 

26.061 

23CC.CC 

67.212 

100.059 

16.666 

29.550 

26CC.CC 

6  7. 76C 

ICO. 693 

16.866 

31.C36 

25CC.CC 

66.29C 

101. 30C 

14.687 

32.527 

26CC.CC 

6c.6CI 

101.686 

14.669 

54. CI6 

.  /CC.CC 

69.296 

102.660 

16.890 

35.505 

26CC.CC 

65.776 

102.986 

16.691 

36.994 

2VcC.CC 

9C.26C 

1C  3. 5  10 

14.892 

3H.483 

3CCC.CC 

90.691 

I06.C  15 

14.892 

39.97. 

3 ICC.CC 

91.129 

104.506 

16.693 

61.661 

32CC.CC 

51.556 

104.976 

1 4 .894 

62.951 

33CC.CC 

91.966 

105.4  35 

16.894 

66.66C 

36CC.CC 

92.371 

IC5.e79 

14.695 

45.929 

35CC.CC 

92.763 

106.311 

14.896 

47.419 

36CC.CC 

93.165 

1C&.731 

16.896 

46.909 

37CC.CC 

93.516 

107. 1 39 

14.696 

50.396 

36CC.CC 

93.661 

107.536 

14.697 

51.666 

39CC.CC 

96.237 

107.923 

14.697 

55.378 

6CCC.CC 

96.563 

106.300 

14.896 

54.667 

6 ICC.CC 

96.923 

106.666 

14.896 

56.357 

62CC.CC 

96.256 

109.027 

16.896 

57.847 

63CC.CC 

95.578 

109.37b 

16.898 

59.337 

66CC.CC 

95.896 

109.720 

1u .899 

60.827 

65CC.CC 

96.2C7 

1 1C.C55 

14.899 

62.316 

66CC.CC 

96.512 

1  10.363 

16.899 

63.6C6 

6  7CC.CC 

96.6  1C 

110.703 

14.899 

65.296 

66CC.CC 

57.1C3 

111.017 

16.899 

66. 706 

69CC.CC 

97.S9C 

1 1 1. 324 

16.900 

68.276 

5CCC.CC 

97.672 

1 11.625 

I6.90C 

69.766 

5 ICC.CC 

97.966 

111.920 

16.900 

71.25ft 

32CC.CC 

98.22C 

112.209 

14.900 

72.746 

53CC.OC 

56.666 

1  12.693 

16.900 

76.236 

i6CC.CC 

96.766 

112. 7*2 

14.900 

75.720 

55CC.CC 

99.0C6 

113.065 

16.901 

77.216 

56CC.CC 

99.259 

113.313 

I4.9CI 

78.7C6 

57CO.CC 

99.5C6 

113.577 

16.901 

80.196 

56CC.CC 

99.752 

113.636 

16.901 

81.606 

39CC.CC 

99.993 

116.091 

14.901 

83.177 

tocc.cc 

ICC. 2  30 

1 14.362 

16.901 

86.667 
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mWOOYtUMIC  FUNCTIONS  OF  HfCljCg) 
AH®J9(  •  -lS»  KCAL/HOLE 


29P.  15 

66.916 

65.916 

10.377 

0 

icc.cc 

66.917 

06.C5C 

10.393 

.034 

ucc.cc 

66 , C  1 6 

91.413 

10.963 

1.9C6 

iCC.CC 

56.041 

95.660 

19.204 

3.021 

occ.ci 

69.616 

99.216 

19.45/ 

5.759 

7CC.CC 

4I.2C9 

102.224 

19.564 

7.7IC 

ecc .tc 

92.753 

104.641 

19.634 

9.671 

scc.cc 

9t.72t 

107.157 

19.663 

11.637 

lcCC.CC 

95.626 

109.233 

19.719 

13.60/ 

i  icc.cc 

56.9SC 

111. 113 

19.745 

15.560 

I7cc.cc 

96.7C3 

112.632 

19. 765 

1 7.556 

I3CC.CC 

99. 35C 

114.415 

19.761 

19.533 

ucc  .tc 

ICC. 6  16 

115.631 

19.793 

21.512 

I6CC.CC 

1C  1 .5c6 

117.247 

19.603 

23.491 

I6CC.CC 

IC2.6C6 

1  ls.526 

19.612 

25.472 

i  /cc.cr 

103.5/6 

119.  727 

19.616 

27.454 

lOl.C.CC 

lot . 5C7 

120.660 

19.624 

29.436 

i  icc.cc 

105.396 

121.932 

19.»29 

31.416 

i  1 1  c . cc 

IC6.2t6 

122.949 

19.e33 

33.402 

.  1 C  C  .  C  c 

10/.  067 

123.917 

19.63/ 

35. 3e5 

22CC. OC 

1C  7.«5u 

124.640 

19.640 

37.369 

7  3CC.CC 

ICf.6  12 

125.722 

19.643 

39.353 

76CC.CC 

lC9.3t2 

126.566 

19.645 

41.337 

76CC.CC 

1  10. Ot 7 

127.3/6 

19.647 

43.322 

*<CC.CC 

1  1C. 729 

120.155 

19.649 

45.307 

itrc.cc 

111.366 

12H.904 

19.651 

4  7 .292 

ieCC.CC 

112.027 

179.626 

19.652 

49.277 

.<<cc.cc 

112. 6t6 

1 30. 322 

19.654 

51.262 

iccc.tc 

I  li.2te 

130.996 

19.655 

53.240 

i  icc.cc 

113.629 

131.64/ 

19.656 

85.233 

3iCC.CC 

1  It. 396 

132.277 

19. H57 

57.219 

33CC.CC 

1  It.9t7 

Ui.008 

19.856 

59.205 

3tCC.CC 

1  15.464 

133.461 

19.859 

6I.19C 

35CC.CC 

1  I6.CC6 

134. C57 

19.859 

63.176 

36tf.CC 

1  16.515 

134.616 

19. 660 

65.  162 

3  /co.cc 

117.012 

1  45..  160 

19.861 

67.146 

3frCC.CC 

1  1  7.t97 

135.690 

19.06  1 

69.134 

3  ICC.CC 

1  I7.97C 

1  36.206 

19.662 

71.121 

CUCC.CC 

1  le.452 

136.709 

19.862 

73. 107 

t  ICC.CC 

1  lO.ttto 

137.  1'99 

19.66.3 

75.C93 

C70C.CC 

1  19.325 

137.670 

19.663 

77 . C  78 

t iCC.fC 

1  I9.75e 

130. 145 

19.064 

79.C66 

ttcc.cc 

I2C.I6I 

130.602 

19.664 

61.057 

t5CC.CC 

12C.S95 

139.046. 

1 9.004 

63.036 

46cC.CC 

171. OCI 

1 39.400 

19.065 

05.023 

t  ICC.CC 

1  2  1  .  399 

139.912 

1  9.065 

ft.  Oil 

tbCC.CC 

121.769 

149.330 

19.065 

06.996 

t<»cc.cc 

17’’.  1  72 

140.740 

1 9.666 

9C.904 

5CCC.cC 

1 22 • 54  7 

Ul.  141 

19.806 

92.971 

5  ICC.CC 

122.915 

14  1.534 

19.666 

94.956 

62CC.CC 

123.277 

14  1.920 

19.066 

96.944 

53CC.CC 

123.632 

14..; i 9 

19.666 

96.931 

5tCC.CC 

123.962 

142. C  70 

19.667 

100.917 

5  5  f  C  .  C  f 

1 2t .325 

143. C35 

19.60/ 

102.904 

66CC.CC 

124.662 

143.393 

19.667 

104.891 

57CC.CC 

124.994 

143.744 

19.667 

IC6.076 

6oCC.CC 

125.320 

144. C90 

19.067 

106.064 

59CC.CC 

125.641 

144.429 

19.806 

1 10.051 

eccc.cc 

125.957 

144.763 

19.666 

112.638 
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298.1* 

9I.CI7 

91.017 

23.753 

0 

3CC.CC 

91.017 

91.164 

23.775 

.044 

ucc.cc 

91.961 

96.131 

24.599 

2.466 

5CC.CC 

93. 766 

103.670 

25.019 

4.951 

6CC.CC 

95.611 

106.254 

23.256 

7.466 

7CC.CC 

97.675 

112.160 

25.407 

9.999 

tcc.cc 

94 ,677 

115.559 

25.505 

12.545 

9CC.CC 

ICI.79C 

116.567 

23.572 

15.099 

ICCC.CC 

1C  3.605 

121.264 

23.621 

17.659 

IICC.CC 

1C5.323 

123.706 

23.656 

20.223 

I2cc;cr~ 

IC6.95C 

125.942 

25.666 

22.790 

1iCC.CC 

ice. 491 

127.496 

23.707 

25.360 

I4CC.CC 

1C9.95J 

124.904 

25.725 

27.932 

I5CC.CC 

111.343 

13  1.679 

23.739 

30.5C5 

I6CC.CC 

1 12.666 

133.341 

23.730 

33.079 

17CC.CC 

1 13.929 

134.902 

23.739 

35.655 

I6CC.0C 

1 15.135 

136.375 

23.767 

36.231 

I9CC.CC 

1 16.29C 

H7. 766 

25.774 

4C.606 

2 CCC.CC 

117.397 

134. C90 

25.760 

43.366 

2 ICC.OC 

118.461 

140.346 

25.765 

45.964 

22CC.CC 

1  14.463 

14  1.446 

25.769 

46.343 

2iCC.CC 

I7C.467 

142.694 

25.793 

51.122 

24CC.CC 

121.4  17 

145.  792 

23.796 

53.702 

23CC.CC 

122.333 

144.645 

25.799 

56.281 

26CC.CC 

12  3.2  18 

145.65/ 

23.802 

56.861 

2 ICC.CC 

124.075 

146.631 

23.804 

61.442 

2CCC.CC 

124. 9C4 

147.770 

25 . 806 

64.022 

<  9CC.CC 

125. 7C9 

14n.6  75 

25.808 

66.603 

JCCC.OC 

126.469 

149.550 

23.610 

69.  164 

J  ICC.CC 

127.246 

150.396 

25.811 

71.765 

J2cc.cc 

127.963 

151.216 

25.813 

74.346 

J3CC.CC 

12F.699 

152.010 

23.814 

76.927 

J4CC.0(. 

129.396 

152.781 

23.815 

79.509 

J5CC.CC 

13C.07S 

153.529 

23.816 

62.090 

J6CC.CC 

1  3C.  7  36 

154.256 

23.817 

64.672 

iiCC.CC 

131.382 

154.964 

25.918 

87.254 

JCCC.CC 

1.32.01  1 

155.652 

25.819 

89.836 

J9CC.CC 

132.626 

156.323 

25.819 

92.416 

40CC.CC 

1  33.2  37 

156.977 

23.820 

94.999 

4  ICC.CC 

13  3.614 

15  7.614 

25.621 

97.582 

42CC.CC 

134.366 

156.256 

25.821 

100.164 

4JCC.0C 

1  34. 95C 

156.644 

25.022 

102.746 

44CC.CC 

135. 5CC 

159.438 

23.622 

103.326 

45CC.CC 

136.038 

160. C Id 

25.823 

107. 91C 

46CC.CC 

1 36.565 

160.566 

25.623 

1 10.493 

47CC.CC 

137.082 

161. 141 

25.824 

113.073 

46CC.CC' 

137.569 

16  1.665 

25.824 

115.657 

49CC.CC 

136.087 

162.217 

25.825 

1 16.240 

5CCC.CC 

138.574 

162.739 

25.825 

120.622 

5  ICC.CC 

139.053 

163.250 

25.825 

123.405 

52CC.CC 

134.523 

163.752 

25.826 

125. 9b7 

53CC.CC 

139.965 

164.244 

23.826 

126.570 

54CC.CC 

I4C.439 

164.726 

25.826 

131.153 

55CC.CC 

I4C.685 

165.200 

23.826 

133.735 

56CC.CC 

141.323 

165.666 

25.827 

136.316 

57CC.CC 

14 1.754 

166.123 

23.927 

136.901 

56CO.CC 

142.176 

166.572 

25.827 

14  1  .463 

59CC.OC 

142.595 

167.013 

25.827 

144.06c 

COCC.CC 

I4J. 006 

16 7. 446 

25.82e 

146.649 
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nUMWVMMIC  FVMCTIOHS  OF  HfCl./e 
-  * 
AH“  •  -  216.18  KCAL/MOU 


T 

(°*> 

•<F’H29I)/T 
(c«1/boU  °K) 

S 

(c«i/nolc  °K> 

c 

?  o 

(cal/aole  K) 

ht 

H298 

(kc«l/«ol») 

TEXF 

6  67 

s  . 

ex 

H 

298.15 

65.600 

65.600 

28.793 

0. 

JOC.CO 

65.601 

65.778 

28.826 

0.053 

60C.C0 

66.768 

56.253 

29.982 

3.002 

50C.C0 

66.968 

61.008 

30.518 

6.030 

toe. CO 

51.637 

66.600 

30.809 

9.098 

roc. co 

53.952 

71.363 

3C.966 

12.188 

(CC.CO 

56.201 

91.056 

36.2CC 

26.262 

50C. CO 

62.093 

95.317 

36.20C 

29.902 

ICOC.CO 

65.610 

99.  131 

36.2CC 

33.522 

1100. CO 

66.816 

102.582 

36.200 

37.182 

I20C.C0 

71.763 

105.731 

36. 20C 

60.762 

1300. CO 

76.689 

108.629 

36.200 

66.382 

I6CC.C0 

77.025 

111.312 

36.200 

68.002 

I50C.C0 

79.495 

113.809 

36.200 

51.622 

ItCC.CO 

61.619 

116.166 

36.2CC 

55.262 

WOO. CO 

83.716 

lie. 360 

36. 20C 

58.862 

ICOC.CO 

65.697 

120.609 

36.2GC 

62.662 

I90C.C0 

87.576 

122.367 

36. 20C 

66.102 

2rcc.co 

69.362 

126.223 

36.200 

69.722 

2I0C.CC 

91.065 

125.990 

36.200 

73.362 

220C.C0 

92.691 

127.676 

36.2CC 

76.962 

230C.C0 

96.267 

129.283 

36.200 

80.582 

260C.C0 

95.739 

130.823 

36.2CC 

86.202 

2500.C0 

97.172 

132.301 

36. 20C 

87.822 

260C.C0 

9e.55l 

133.721 

36.2CC 

91.662 

270C.C0 

99.879 

135.087 

36.20C 

95.062 

28CC.C0 

101.160 

136.606 

36.2CC 

98.682 

2900.0C 

102.397 

137.676 

36.200 

102.302 

3COC.CO 

103.596 

138.901 

36.2CC 

105.922 

3100. CO 

106.752 

16C.083 

36.2CC 

109.562 

320C.C0 

105.876 

161.238 

36.200 

113.162 

3300. CO 

106.963 

162.351 

36.200 

116.762 

3600. CO 

106. 020 

163.632 

36.20C 

120.602 

3500. CO 

IC9.067 

166.681 

36.200 

126.022 

360C.C0 

IIC. 065 

165.501 

36.2CC 

127.662 

3200. CO 

111.017 

166.693 

36. 20C 

131.262 

3600. CO 

111.963 

167.658 

36.2CC 

136.862 

3500. CO 

112.885 

168.399 

36.200 

138.502 

6C0C.C0 

113.785 

169.315 

36.2CC 

162. 122 

6I0C.CC 

116.662 

150.209 

36. 20C 

165.762 

6200. CO 

115.519 

151.082 

36. 20C 

169.362 

6300. CO 

116.356 

151.933 

36.20C 

152.982 

6600. CO 

117.176 

152.766 

36. 20C 

156.602 

6S0C.C0 

117.976 

153.579 

36. 20C 

160.222 

6600. CO 

116.757 

156.375 

36.2CC 

163.862 

670C.C0 

119.523 

155. 153 

36.200 

167.662 

66CC.C0 

120.273 

155.915 

36.200 

171.062 

6900. CO 

121.008 

156.662 

36.200 

176.702 

5C0C.C0 

121.729 

157.393 

36.2CC 

178.322 

SIOC. CO 

122.635 

158.110 

36.20C 

181.962 

520C.C0 

123. 128 

158.813 

36.200 

185.562 

5300. CO 

123.808 

159.502 

36.200 

189.182 

S60C.C0 

126.675 

160. 179 

36.2CC 

192.802 

S50C.C0 

125. 130 

160.863 

36. 20C 

196.622 

StOC.CC 

125.776 

161.696 

36. 20C 

200.062 

S70C.C0 

126.606 

162. 136 

36.20C 

203.662 

5600. CO 

127.028 

162.766 

36.2CC 

207.262 

S90C.C0 

127.639 

163.385 

36.2CC 

2  1C. 902 

6C0C.C0 

126.239 

163.993 

36. 20C 

216.522 
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A  tBO  NUT  RON  1C  DIVISION 


THiMxmuHic  functions  or  ufr(|) 

AH°2M  •  -21  KCAL/MOU 


T 

s 

CP  „ 

K1 

“m 

<°K> 

(cd/aol*  e|l) 

(cil/ool*  °K) 

(c«l/M>U  °IC) 

298.  IS 

59.JC5 

59.305 

7.916 

c 

JCC.OC 

59. JCi 

54.356 

7.926 

.015 

ucc.cc 

59.62C 

61.686 

8.2*6 

.826 

5CC.CC 

6C.226 

*3.553 

8.672 

1.6*3 

6CC.CC 

6C.9I4 

65.1 10 

8.600 

2.517 

7CC.CC 

61.611 

66.662 

8.686 

3.382 

8CC.CC 

62.289 

67.6C6 

8.74C 

4.253 

9CC.CC 

62.936 

68.637 

8.761 

5.129 

ICCC.CC 

63.555 

69.5*4 

8.810 

6.009 

1  ICC.OC 

66.14C 

70.605 

8.832 

6.891 

I2CC.CC 

66.695 

71.174 

p.849 

7.775 

1  JCC.OC 

65.221 

7  1.683 

b.863 

8.661 

UCC.CC 

65.72C 

72.540 

8.678 

9.5*8 

I5CC.CC 

66.196 

73. 153 

6.682 

10.43* 

16C0.CC 

66.669 

73.72* 

fc.889 

11.324 

I7CC.CC 

6/. 08  1 

76.2*5 

8. 895 

12.213 

IbCC.CC 

67.494 

74.774 

6.900 

13.  103 

IVCC.CC 

6  7 .890 

75.255 

e.905 

13.994 

2CCC.CC 

66.2  7C 

75.712 

M  .  908 

14.684 

2  UC.CC 

68.635 

7*. 147 

6.911 

15.775 

22CC.CC 

66.966 

7o. 5* 1 

6.914 

'5 .6*6 

2 JCC.OC 

69.324 

76.958 

6.917 

t  ’.556 

26CC.CC 

69.65C 

77.337 

6.919 

18.45C 

25CC.CC 

69.965 

77.701 

8.920 

19.342 

26CC.CC 

7C.269 

78.051 

6.922 

2C.234 

27CC.CC 

7C.564 

78.388 

8.924 

21.12* 

2fcCC.CC 

7C.849 

78.713 

8.925 

22.019 

29CC.CC 

n.125 

79.02* 

8.92* 

22.911 

ICCC.CC 

71.394 

79.328 

6.927 

23.804 

1  ICC.CC 

71.655 

74.621 

8.926 

24.697 

22CC.0C 

7I.9CC 

79.9C5 

6.929 

26.589 

UCC.CC 

72.154 

80.179 

6. 930 

26.482 

I4CC.CC 

72.354 

80.446 

6.931 

27.375 

35CC.CC 

72.626 

60. 705 

6.931 

26.268 

36CC.CC 

72.656 

<30.957 

8.932 

29. 1*2 

i/CC.OC 

73.07c 

81.201 

6.932 

30.055 

UCC.CC 

73.255 

Ul.639 

6.933 

30.948 

39CO.CC 

73.507 

81.671 

6.933 

31.841 

4CCC.CC 

75.714 

8 1 . fc  98 

6.934 

52.735 

4 ICC.CC 

73.9  16 

62.118 

6.934 

33.626 

42CC.CC 

74.1  14 

82.334 

6.935 

34.522 

4JCC.0C 

76.306 

82.546 

6.935 

35.415 

44CC.CC 

74.497 

82.749 

8.935 

36.309 

45CC.0C 

74.663 

82.950 

8.936 

37.202 

46CC.CC 

74.865 

83.  166 

6.93* 

38.096 

47CC.CC 

75.043 

83.334 

6.93* 

38.989 

4fcCC.CC 

75.2U 

83.527 

6.93* 

39.663 

42CO.OC 

75.369 

83.711 

6.937 

40.777 

5CCC.CC 

75.557 

83.892 

6.937 

41.670 

5  ICC.OC 

75.723 

64.069 

6.937 

42.564 

52CC.CC 

75.685 

64. <42 

6.937 

43.458 

5 JCC.CC 

76.066 

66.6  12 

e.936 

44.351 

i4CC.CC 

76.2CI 

1:4.579 

p.938 

45.246 

ibCC.Cc 

7e .354 

84. 763 

8.938 

46.139 

56CC.CC 

76.506 

64,906 

6.938 

47.033 

57CC.CC 

76.654 

85.063 

6.938 

47.927 

5fcCC.CC 

70 . 6C  1 

bt.218 

8.93e 

46.82C 

5SCC.0C 

76.445 

85.371 

8.938 

49.714 

6CCC.CC 

7?.ce6 

85.521 

8.939 

50.606 
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AERONUTNONIC  DIVISION 


iWMOonttMic  ruNCTioat  or  vff2(») 


290.  15 

65.265 

65.265 

12.750 

0 

ifC.CC 

65.265 

65. 326 

12.775 

.026 

6CC.CC 

65.756 

69.  107 

13.699 

1.360 

5CC.CC 

66.762 

72. 16V 

13.929 

2.716 

6CC.CC 

67.666 

76.736 

16.195 

6.121 

7CC.CC 

6S.0C6 

76.936 

l6.3oe 

5.550 

6CC.CC 

7C. 122 

70.063 

16.606 

6.993 

9C0.CC 

71. IVC 

bO.5/6 

16.570 

8.666 

ICCC.CC  .. 

72.207 

02.  1 13 

16.631 

9.906 

1  ICC .CC 

73.172 

03.510 

16.677 

11.371 

I2CC.OC 

76.007 

MU. 70H 

16.712 

12.061 

MCC.CC 

76.956 

05.967 

16.76C 

16.316 

16CC.0C 

75.702 

M7.C6C 

16. 762 

15.789 

I5CC.CC 

76.569 

M0.C79 

16.700 

17.266 

I6CC.CC 

77.310 

OV.C33 

16.795 

10.766 

1 7CC.CC 

76.036 

MV. 931 

16.807 

20.225 

I6CC.CC 

70.719 

90.777 

16.017 

21.706 

I9CC.CC 

79.375 

VI. 579 

16.826 

23. 160 

2CCC.CC 

0C.OO6 

92.339 

16.836 

26.671 

2  ICC.CC 

0O.6C9 

93.063 

16.860 

26.155 

22CC.CC 

01.191 

93.756 

16.066 

27.639 

23CC.CC 

01.751 

96.6  16 

16.051 

29. 126 

26CC.CC 

02.292 

95.C66 

16.055 

30.609 

2  5CC . CC 

62 .  b  1 5 

95.652 

I6.B59 

32.095 

26CC.CC 

03.32C 

96.235 

16.862 

33.501 

27CC.CC 

03.dC8 

96.796 

16.865 

35.067 

26CC.CC 

06.202 

97.337 

16.860 

36.556 

2VCC.CC 

06.761 

97.059 

I6.R7C 

30.061 

30CC.CC 

eS. 187 

90.363 

16.873 

39.52t 

i  ICC.CC 

05.620 

90.050 

16.875 

61.015 

32CC.OC 

06.061 

99.323 

16.876 

62.503 

33CC.CC 

06.65C 

99.781 

16.878 

6J.99C 

;6CC.0C 

06.86V 

100.225 

16.B79 

65.67b 

35CC.CC 

07.237 

100.656 

16.081 

66.966 

36CC.CC 

c  7.6  16 

101. C75 

16.002 

66.655 

37CC.CC 

07.905 

10 1 .6b3 

16.803 

69.963 

3aCC.CC 

00.365 

101.080 

16.886 

51.631 

3VCC.CC 

60.697 

102.267 

16.805 

52.92C 

6CCC.CC 

69.061 

102.663 

18.006 

56.608 

6 ICC.CC 

09.376 

103.011 

16.887 

55.097 

62tC.CC 

09.7C7 

103.370 

16.000 

57.306 

6iCC.CC 

90.020 

103.720 

16.809 

50.875 

66CC.CC 

90.363 

106.062 

16.009 

60.363 

65CC.CC 

VO. 652 

106.397 

16.890 

61.852 

66CC.CC 

SC.V56 

106.726 

16.891 

63.361 

67CC.CC 

91.251 

105.065 

16.891 

66.030 

66CC.CC 

91.561 

105. I5M 

16.892 

66.32C 

6VCC.CC 

91.827 

105.665 

16.892 

67.809 

iCCC.CC 

V2. 1C6 

105.966 

16.893 

69.290 

5  ICC.CC 

92. 301 

106.261 

16.893 

70.707 

52CC.OC 

92.651 

106.550 

16.893 

72.277 

iioC.OC 

92.916 

100.036 

16.846 

73.766 

56CC.CC 

93.176 

107.  1  17 

16.896 

75.255 

55CC.CC 

93.632 

107.386 

16.095 

To. 765 

56CC.0C 

93.603 

'  “107.656 

16.895 

70.236 

5/CC.OC 

93.93  1 

107.910 

16.895 

79.726 

5flCC.CC 

96.176 

IOb.177 

16.896 

01.213 

5SCC.CC 

V6.6  16 

IOe.631 

16.896 

82.703 

tccc.cc 

96.669 

100.682 

16.896 

86.193 
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AEKONUTRON'C  O'VlfclON 

THEUOOYNAMIC  FUNCTIONS  OF  H(F}(g) 
.H°  .  -  -280  KCAL/MOLE 


T 

A)  - 

-(f-m29J)/t  s 

°»)  <cil/«>u-  °K3 _ 

c 

P  o 

(c«l/*ole  K) 

ht 

"298 

7kc*l/ao! 

298. 1? 

77.0  1 1 

77.011 

16.575 

0 

JCC.CC 

77.CII 

77.113 

lo. 602 

.031 

mCC.C C 

77.6  7  7 

Mi. 057 

17.720 

1.752 

SlC.CC 

7f , 969 

86.088 

16.381 

3.560 

6CC.0C 

bC .4  46 

M9.M70 

10.769 

5.420 

7cc.cc 

fcl.943 

Hi. 356 

19.054 

7.313 

tcc.cc 

CJ.M  18 

9M.55J 

19.234 

9.226 

scc.cc 

fcM.8 2t 

57.226 

19.362 

11.158 

ICCC.t'C 

66. 1 77 

99.271 

19.455 

1 3 .099 

1  ICC.CC 

87.446 

10).  I2H 

19.525 

15.046 

I2CC.CC 

tt.66C 

10 2.63C 

19.579 

17.003 

1  JCC.CC 

65,01 1 

104 . 399 

19.68  1 

18.963 

ure.tc 

9C.906 

105.654 

19.655 

20.927 

I5CC.CC 

5 1 .966 

107.2  1  1 

I9.6a2 

22.894 

I6CC.CC 

W.942 

lt.1  .482 

19.705 

24.464 

I7CC.CC 

9*. 892 

109.677 

19.724 

26.835 

IdCC.OC 

44 . HCC 

1  Io.e05 

19.740 

28.808 

ISCC.CC 

55.671 

111.073 

19.753 

3C.763 

2CCC.CC 

96.507 

1  12.006 

l9.7t>5 

32.759 

*  icc.cc 

57.JIC 

113.051 

19.774 

34 ,73c 

i2cc.cc 

96.06 J 

1  1 M  .  7  7  1 

19.783 

36.714 

2 JCC.CC 

96.626 

115.650 

19.791 

36.692 

i4CC.CC 

99.5M6 

1  I6.M93 

19.797 

4C .672 

^ JCC.CC 

ICC.2MC 

117-501 

19.003 

42.652 

26CC.CC 

ICC. 912 

110..C7H 

19.808 

44.632 

27CC.CC 

1C  1.561 

1  16.825 

I9.ei3 

46.6  1  J 

2kCC.CC 

102.191 

119. 546 

19.817 

46.595 

2SCC.CC 

IC2.6CI 

120. 2M2 

19.021 

50.577 

JOCC.OC 

ICJ. 39M 

120.  9lM 

19.824 

52.559 

J  ICC.CC 

ICJ.97C 

121. 56M 

19.827 

54.541 

J2CC.CC 

I0M.529 

122. 193 

19.830 

56.524 

j  icc.cc 

IC5.07M 

127. OOJ 

19.832 

58.507 

jucc.cc 

IC5.60M 

12J. J95 

19.835 

60.491 

J5CC.CC 

ICO. 121 

I2J.97C 

19.837 

62.474 

J6CC.CC 

IC6.624 

12M.529 

19.639 

64.456 

J7CC.CC 

IC7.  1  16 

125. C73 

19.84C 

66.442 

J8C0.CC 

107.595 

175.602 

19.842 

68.42u 

iscc.cc 

IC8.C6J 

126. 1 17 

14.844 

7C.4  10 

40CC.CC 

106.521 

126.620 

19.845 

72.395 

c  icc.cc 

IC6.966 

127.  1  1C 

19.846 

74.379 

42cc.cc 

IC9.MC6 

12  7.506 

19.P4 7 

76.364 

<t  JCC.CC 

IC9.03M 

120.055 

I4.e49 

76.349 

44CC.CC 

110. 25M 

126.511 

19.850 

80.334 

M5CC.CC 

1  10.66m 

128.658 

19.851 

82.319 

46CC.CC 

111.067 

179. 39M 

19.852 

84.304 

M7CC.CC 

1II.M6I 

129.021 

19.852 

86.269 

4eCC.GC 

1  1  1.848 

1J0.239 

19.853 

86.274 

•t  9CC  .CC 

1  12.220 

130.646 

19.854 

90.260 

5CCC.CC 

1  I2.6CC 

131.049 

19.855 

92.245 

5  ICC.CC 

112.966 

131.442 

19.855 

94.231 

520C.CC 

113.325 

131.028 

19.856 

96.216 

5 JCC.CC 

1  1  3.677 

132.206 

19.857 

98.202 

iMCG.OC 

1  IM.02M 

132.577 

19.857 

100. 168 

55CC.0C 

IU.565 

132.942 

19.858 

102. 173 

56CC.CC 

1 IM. 7CC 

133.299 

19.858 

104.159 

57CC.CC 

115.025 

153.651 

19.859 

106.145 

56CC.0C 

115.353 

133.996 

19.859 

toe. 131 

t^cc.cc 

115.672 

134.536 

19.860 

1 1C.  1  17 

eccc.cc 

1 15.966 

134.670 

19.860 

112.103 
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AEMONUTRONIC  DIVISION 


mmoovMMic  functions  or  Hfr4(s) 
AH°  -  ’  •4,0<0  KCAl/MOLE 


T 

(°K) 

(Ml/Ult  °K> 

s 

(cal/aoW  °K) 

C 

(c*1/m>1«  °lt> 

ht 

(kcal/aolt) 

29*.  1* 

el. 716 

*1.719 

21.526 

0 

3tC.CC 

►  1.716 

*  1  .*52  . 

21.562 

.060 

4CC.CC 

►2.5*6 

**.279 

23.068 

2.277 

scc.cc 

*6.265 

9».523 

25.916 

4.629 

ccc.tr 

►6.1*5 

it  .933 

26.463 

7. 049 

ICL.CC 

*►. 16  1 

101.729 

26.785 

9.511 

►CO.CC 

6C.C6I 

105.056 

25.CI7 

12. CO 2 

•cc.cc 

S  1 . Ht6 

It*. Cl  1 

23. 18 1 

14.513 

IOCC.CC 

63.633 

1 10.670 

23.300 

17.C37 

1  ItC.CC 

65.266 

113.0*6 

23.39C 

19.572 

ijrc.oc 

66.67C 

115.79* 

23.459 

22.116. 

13CC.CC 

96.567 

117.35* 

25.513 

26.663 

ucc.oc 

69. 79C 

119.251 

23.557 

27.217 

liCC.CC 

101.166 

120.995 

25.592 

29.774 

I6cr.rc 

IC7.6J9 

172.66* 

23.621 

32.335 

I7CC.CC 

103.676 

126.202 

23.645 

34.896 

lecc.cc 

IC6.655 

125.66* 

23.665 

37.463 

I9cr.cc 

105.9*7 

127.056 

75.682 

6C.03I 

2ccc.cc 

1C  7. 0  76 

I2B. 576 

23.697 

42.60C 

2 icc.nc 

1C*. 1  1* 

179.625 

23.709 

45.170 

J2CC.CC 

IC9. 126 

1  ->0.624 

73.720 

47.742 

kaCC.OC 

1  1C. 092 

151.965 

75.750 

50.516 

24CC.CC 

111.027 

1  35.C65 

73.73* 

52.8*7 

2SCC.CC 

111.926 

156. 1  16 

73.746 

33.462 

.6CC.CC 

112. «C7 

135. 126 

23.752 

56.037 

J7CC.CC 

1  la. 647 

lio.096 

23.758 

60.612 

26CC.CC 

116.665 

137.053 

23.763 

63.188 

29tc.cc 

115.256 

157.937 

23.768 

65.765 

;ccc .cc 

1  I0.U3C 

15*. *10 

73.772 

66.342 

i ICC.CC 

1 16. 77t 

139.655 

73.776 

70.919 

a2CC.CC 

1 I7.5C6 

160.676 

25.780 

73.49/ 

.‘3CC.CC 

1  18.214 

161.267 

23.783 

76.075 

14CC.CC 

1 1*. 906 

142. C57 

23.786 

76.654 

53CC.0C 

II 6. 5 75 

142.7*4 

25.789 

81.252 

C6CC.CC 

I2C.2  3C 

145.511 

23.791 

83.811 

'7CC.CC 

I2C.S69 

166.21* 

23.793 

66.39C 

iecc.cc 

121.692 

164.906 

23.795 

86.970 

3vtC.CC 

122. 1C1 

145.576 

25.797 

91.550 

►ccc.cc 

127.696 

166.229 

23.799 

94.129 

6lCC.CC 

123.27* 

1 46 • *66 

23.801 

96.709 

42CC.CC 

123. *67 

147. 4»b 

25.802 

99.289 

6itC.CC 

126.606 

14*. 095 

25.804 

101.  <370 

66CC.CC 

126.969 

140.6** 

23.805 

106.450 

65CC.CC 

125.6*5 

149.26* 

23.806 

107.031 

66CC.CC 

126. 006 

149.035 

23.807 

109.611 

67CC.CC 

126.519 

150.390 

25.809 

112.192 

48CC.CC 

127.022 

150.933 

25. etc 

114.773 

66C0.CC 

127.516 

131.466 

25.811 

117.354 

5CCC.CC 

I26.00C 

131.987 

25.811 

1  19.935 

5ICC.CC 

17**675 

132.698 

25.ei2 

122.516 

52CC.CC 

12*. 962 

152.999 

23.813 

125.098 

53CO.OC 

129.601 

133.491 

25.816 

127.679 

56tC.CC 

129. *51 

153.974 

23.813 

I3C.26I 

55CC.CC 

130.296 

134.447 

25.815 

152.862 

56CC.CC 

I3C.73C 

156.913 

23.816 

135.424 

57CC.CC 

131. ise 

135.169 

25.817 

138.005 

5liCC.CC 

131.579 

155.*  18 

25.817 

I6C.587 

56CC.0C 

131.996 

156.260 

25.818 

143. 169 

tccc.cc 

132.602 

156.696 

23.818 

145.750 
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AERONUTHONiC  QIVISlON 


THEIMOOVNAXIC  FUNCTIONS  OF  HfF,/c 

4 

•  -461.4  KCAL/HOUT 


FIN. IS 

11.500 

31.500 

25.401 

0 

100.00 

31.500 

11.657 

25.423 

.047 

400.00 

32.511 

19.127 

26.553 

2.446 

SCO .00 

34.457 

45.169 

27.636 

5.356 

600.00 

36.681 

SC. 102 

28.701 

8.173 

700.00 

18.955 

54.806 

29.757 

11.096 

soo.oo 

41.191 

58.848 

30.809 

14.124 

9C0.00 

41.162 

^  .517 

31.858 

17.258 

1000.00 

45.452 

65.948 

32.905 

20.496 

1100.00 

47.462 

69.133 

33.952 

23.839 

12CO.OO 

49.394 

72.132 

34.997 

27.286 

1300.00 

52.410 

90.0  30 

36.200 

48.906 

1400.00 

55.194 

92.711 

36.200 

52.526 

1500.00 

57. 780 

95.210 

36.200 

56.146 

1600.00 

60.193 

97.547 

36.200 

59.766 

1700.00 

62.455 

99.741 

36.200 

63.386 

1600.00 

64.585 

101.810 

36.200 

67.006 

1900.00 

66.596 

103.768 

36.200 

70.626 

2000.00 

68.501 

105.624 

36.200 

74.246 

2100.00 

70.311 

107.391 

36.200 

77.866 

2200.00 

72.035 

109.075 

36.200 

81.486 

2300.00 

73.681 

1 10.684 

36.200 

85.106 

2400.00 

75.255 

112.224 

36.200 

88.726 

25C0.00 

76.764 

113.702 

36.200 

92.346 

2600.00 

78.212 

115.122 

36.200 

95.966 

2700.00 

79.604 

116.488 

36.200 

99.586 

2800.00 

80.945 

117.805 

36.200 

103.206 

2900.00 

82.238 

119.075 

36.200 

106.826 

JOOO.OO 

83.487 

120.302 

36.200 

110.446 

3100.00 

84.694 

121.489 

36.200 

114.066 

3200.00 

85.862 

122.638 

36.200 

117.686 

3300.00 

86.991 

123.752 

36.200 

121.306 

34CO.OO 

88.C90 

124.833 

36.200 

124.926 

3500.00 

89.155 

125.882 

36.200 

128.546 

3600. OC 

90.189 

126.902 

36.200 

132.166 

3700.00 

91.195 

127.894 

36.200 

1 35.786 

3800.00 

92.174 

128.859 

36.200 

139.406 

3900.00 

93.126 

129.800 

36.200 

143.026 

40C0.00 

94.055 

1  30  *  7 1 6 

36.200 

146.646 

4100. 00 

94.960 

131.610 

36.200 

150.266 

42C0.00 

95.843 

132.482 

36.200 

153.886 

4300.00 

96. 705 

1  33.  334 

36.200 

157.506 

4400.00 

97.547 

134.167 

36.200 

161.126 

4500.00 

98.370 

134.980 

36.200 

164.746 

4600.00 

99. 174 

1  35.776 

36.200 

168.366 

4700.00 

99.961 

136.554 

36.200 

171.986 

4800.00 

100.732 

137.316 

36.200 

175.606 

4900.00 

101.486 

138.063 

36.200 

179.226 

5000.00 

102.225 

138. 794 

36.200 

182.846 

5100.00 

102.949 

139.511 

36.200 

186.466 

5200.00 

103.659 

140.214 

36.200 

190.086 

5300.00 

104. 355 

140.903 

36.200 

193.706 

5400.00 

105.018 

141.580 

36.200 

197.326 

5500.00 

105.709 

142.244 

36.200 

200.946 

5600. 00 

106.367 

142.897 

36.200 

204.566 

5700.00 

107.013 

143.537 

36.200 

208.186 

5800.00 

107.649 

144. 167 

36.200 

211.806 

5900.00 

108.271 

144. 786 

36.200 

215.426 

tooo.oo 

108.886 

145.394 

36.200 

219.046 
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mmooYiuMic  nmcnoNS  or  nfoci(g) 
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2*8.15 

58.219 

68.719 

12.7*2 

3 

100. 00 

58.219 

68.291 

17.8)6 

.324 

903.00 

58.725 

72.070 

13.91* 

1.318 

503.00 

54.  708 

75.116 

1 1.898 

7.734 

603.00 

70.828 

77.666 

19.117 

4.1)1 

703.00 

71.965 

79.857 

19. 2»* 

5.525 

903.00 

71.079 

81.775 

19.927 

5.951 

903.00 

79.117 

83.983 

19.519 

3.439 

1303.00 

75.199 

85.319 

19.537 

2.854 

1103.00 

76.  110 

86.907 

19.619 

11.326 

1703.00 

77.022 

87.682 

19.633 

12.7*2 

1103.00 

77.888 

88.853 

19.711 

14.251 

1903.00 

78. 711 

89.950 

19. 717 

15.7)4 

1503.00 

79.945 

90.967 

19. 718 

17.239 

1603.00 

10.292 

91.923 

19.775 

18.535 

1733.00 

80.955 

92.816 

19.713 

23.154 

1903.00 

81.618 

91.652 

19.837 

21.641 

1903. 00 

37.792 

99.961 

19.81? 

21.124 

7033.03 

32.920 

95.222 

19.871 

24.6)5 

7103.00 

31.571 

95.996 

19.828 

26.338 

7703.00 

89. 101 

96.616 

19.835 

27.571 

7103.00 

39.66} 

97.295 

14.891 

22. 3>5 

7903.00 

35.202 

97.927 

14.845 

33.53* 

7533.00 

35.  729 

98.511 

14.853 

37.324 

7633.00 

96.228 

99.116 

14.854 

13.5)9 

7703.00 

96.715 

99.676 

14.818 

34.9*5 

7803.00 

37.188 

100.217 

14.851 

35.531 

7903.00 

97.696 

K0.718 

14.854 

37.967 

3303.00 

98.041 

: 31 . 292 

14.857 

I*. 454 

1133.00 

89.573 

101.710 

14.859 

43. *40 

1203.00 

98.993 

107.202 

14.871 

42.427 

1103.03 

39.152 

102.660 

14.873 

43.915 

1903.00 

99. 750 

103.109 

14.875 

45.4)2 

1503.00 

90.  1 18 

101.515 

14.876 

45.8*0 

1600.00 

90.516 

101.959 

14.878 

48.177 

1733.00 

90.889 

109.  362 

14.87* 

49.855 

1803.00 

91.799 

109.758 

14.831 

51.151 

1933.00 

91.596 

105.195 

14.832 

52.851 

9003.03 

91.919 

105.522 

14.833 

55.110 

9133.03 

92.275 

105.889 

14.834 

55.818 

9203.00 

97.603 

106.298 

14.835 

57.3)6 

9333.00 

97.975 

106.598 

14.886 

59.7*5 

9900.00 

91.790 

106.990 

14.837 

63.233 

9503.00 

91.598 

107.275 

14.837 

61.772 

9603.00 

91.850 

107.632 

14.838 

63.251 

9703.00 

99.  196 

107.922 

14.63* 

64.750 

9833.00 

99.916 

108.216 

14.83* 

65.219 

9903.00 

99. 771 

108.593 

14.8*3 

57.728 

5003.00 

95.000 

108.899 

14.8*3 

62.21 7 

5103.00 

95.775 

109. 1 38 

14.8*1 

73.736 

5230.00 

95.599 

109.928 

14.8*2 

72.1*5 

5100.00 

95.809 

109.711 

14.8*2 

73.534 

5903.00 

96.069 

109.990 

14.8*2 

75.173 

5503.00 

96. 379 

110.261 

14.8*3 

75.653 

5630.00 

96.576 

110.531 

14.8*3 

73.152 

5703.00 

96.871 

110.745 

14.8*4 

7*. 641 

5903.00 

97.066 

111.059 

14.8*4 

31.131 

5903.00 

97.105 

111.338 

14.8*4 

82.620 

6003.00 

97.591 

111.559 

14.8*5 

84.139 

82 


DIVISION 


numoEViuHic  functions  or  Hfor(») 


AH 


1298 


-109.0  KCAL/HOUE 


-(F-H„.)/T 


I°K> 

(cil/wl*  °K) 

(c»l/«olt  °K) 

(c«l/aol«  °K) 

(kc«l/«ol. 

298.15 

65.760 

65.760 

12.2)5 

3 

903.00 

65.760 

65.8)5 

12.22) 

.32) 

400.00 

66.250 

69.469 

13.026 

1.238 

503.00 

67.200 

72.437 

13.552 

2.518 

603.00 

68.286 

74.940 

13.878 

3.772 

703.00 

69.395 

77.101 

14.1)2 

5.374 

803.00 

70.479 

78.999 

14.275 

5.916 

903.00 

71.522 

80.690 

14.41) 

8.232 

1003.00 

72.516 

82.214 

14.5)1 

9.678 

1103.00 

73.461 

83.599 

14.567 

11.131 

1200.00 

74.360 

84.869 

14.618 

12.611 

1)03.00 

75.214 

86.040 

14.657 

14.375 

1403.00 

76.026 

87.128 

14.672 

15.54? 

1503.00 

76.801 

88.14) 

14.718 

17.31) 

1600.00 

77.540 

89.093 

14.74) 

18.436 

1703.00 

78.246 

89.787 

14.758 

17.731 

1803.00 

78.922 

90.831 

14.774 

21.4)7 

1903.00 

79.570 

91.631 

14.757 

22.715 

2000.00 

80. 192 

92.389 

14.778 

24.375 

2103.00 

90. 790 

93.112 

14.8)8 

25.875 

2203.00 

91.366 

93.801 

14.816 

27.356 

2303.00 

81.971 

94.459 

14.824 

28.9)8 

2403.00 

92.457 

95.090 

14.8)0 

33.321 

2503.00 

32.974 

95.696 

14.8)6 

31.9)4 

2603.00 

33.475 

96.278 

14.841 

33.239 

2703.00 

83.959 

96.83B 

'4.845 

34.772 

2803.00 

94.429 

77.378 

14.83) 

35.237 

2903.00 

94.885 

97.899 

14.853 

37.742 

3003.00 

85.327 
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16.610 

89.279 

5600.00 

36. 722 

51.526 

16.610 

90.760 

5500.00 

35.030 

51.796 

16.610 

92.201 

5600.00 

35.332 

52.058 

16.610 

93.662 

57CO.OO 

35.628 

52.316 

16.610 

96.123 

5800.00 

35.918 

52.570 

16.610 

96.586 

5900.00 

36.202 

52.820 

16.610 

98.065 

6000.00 

36.681 

53.066 

16.610 

99.506 
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2  3  8.15 

10.910 

10.910 

10.457 

0 

100.00 

10.910 

10.975 

10.462 

.019 

400.00 

11.324 

14.020 

10.717 

1.079 

SOU. 00 

12.111 

16.417 

10.951 

2.162 

630.00 

1 3.C06 

19.454 

11.161 

1.269 

700.00 

11.912 

20.195 

11.405 

4.198 

HOO. 00 

14.795 

21.712 

11.629 

5.550 

9C0.00 

15.644 

21.114 

11.949 

6.724 

10 to. 00 

16.455 

24.174 

12.069 

7.920 

1100.00 

17.226 

25.515 

12.290 

9.118 

1200.00 

17.966 

26.614 

12.509 

10.177 

1  ICO.  00 

18.670 

77.624 

12.729 

11.619 

14C0.00 

19.144 

28.575 

12.948 

12.921 

1900.00 

19.990 

29.476 

11.168 

14.229 

1600.00 

20.610 

30.333 

13.387 

15.557 

1700.00 

21.206 

31.151 

13.606 

16.906 

18CO.00 

21.780 

31.915 

11.825 

18.278 

1900.00 

22.315 

32.688 

14.044 

19.671 

2000.00 

22.871 

33.414 

14.261 

21.087 

2100.00 

21. 189 

34.110 

14.270 

22.514 

22CO.OO 

23.892 

34.774 

14.270 

23.941 

2  310.00 

24.379 

35.408 

14.270 

25.368 

24CO.00 

24.851 

16.016 

14.270 

26.795 

25 CO. 00 

25. 109 

16.598 

14.270 

28.222 

2600.00 

25.755 

17.158 

14.270 

29.649 

27o0 .00 

26.187 

37.696 

14.270 

11.076 

28CO.OO 

26.607 

18.215 

14.270 

12.501 

29C0.00 

27.016 

38.716 

14.270 

13.910 

3000.00 

27.414 

39.700 

14.270 

15.157 

3100.00 

27.802 

39.668 

14.270 

16.784 

3700.00 

28.180 

40.121 

14.270 

18.211 

3300.00 

28.549 

40.560 

14.270 

19.618 

34CO.OO 

28.908 

40.986 

14.270 

41.065 

35C0.00 

29.259 

41.400 

14.270 

42.492 

3600.00 

29.610 

46.802 

14,270 

61.819 

37C0.00 

30.C99 

47.193 

14.270 

63.246 

38C0.00 

10.554 

47.571 

14.270 

64.673 

3900.00 

30.995 

47.944 

14.270 

66.100 

4000.00 

31.423 

48.305 

14.270 

67.527 

4100.00 

11.840 

43.658 

14.270 

68.954 

4200,00 

32.244 

49.001 

14.270 

70.181 

4  300.00 

32.638 

49.337 

14.270 

71.808 

4400.00 

33.021 

49.665 

14.270 

73.215 

4500.00 

33. 394 

49.986 

14.270 

74.662 

4600.00 

33.759 

50.100 

14.270 

76.089 

4700.00 

14.114 

50.606 

14.270 

77.516 

4600.00 

34.460 

50.907 

14.270 

78.943 

4900.00 

34. 799 

51.201 

14.270 

80.170 

5000.00 

35.130 

51.489 

14.270 

81.797 

5100.00 

35.454 

51.772 

14.270 

83.224 

5200.00 

15.770 

52.049 

14.270 

84.651 

5300.00 

36.C80 

52.121 

14.270 

86.078 

5400.00 

16. 381 

52.588 

14.270 

87.505 

55C0.00 

36.680 

52.850 

14.270 

88.932 

5600.00 

16.971 

51.107 

14.270 

90.159 

5700.00 

17.256 

53.159 

14.270 

91.786 

5600.00 

37.516 

51.607 

14.270 

93.21 3 

5900.00 

17.811 

53.851 

14.270 

94.640 

6000.00 

36.080 

54.091 

14.270 

96.067 
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